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THE microscopical examination milk samples for the presence 
tubercle bacilli the method the late Delepine has remained 
use the present time. 

This method far from satisfactory. Delepine himself, after prolonged 
examination, only obtained positive results per cent. infected samples. 

This paper contains the details method concentration, the results 
being compared with those obtained the routine method. 

The following techniques were used 

Routine method.—50 milk were centrifuged hard glass cen- 
trifuge tube for minutes 4000 revolutions per minute. The cream layer 
was separated from the tube and the cream and serum poured off. loopful 
sediment was removed with platinum loop and smeared the slide with 
drop distilled water. The preparation was dried and fixed mixture 
equal parts alcohol and ether for hours. The slide was then stained 
method and examined under the oil-immersion lens. 

Concentration method.—To milk centrifuge tube provided 
with rubber-capped screw top, 0°5 trypsin solution was added (Allen 
Hanburys’ liquor trypsini co. was used). The tubes were incubated 
56° for hours for hours; after cooling, each tube c.c. 
ether were added, the cap screwed firmly and the tube was shaken thoroughly 
least 200 times, and subsequently centrifuged for minutes 4000 
revolutions per minute. The liquid now consisted three layers, the ether 
containing dissolved fat the surface, clear fluid below, and, between the 
two, gelatinous disc which contained all the acid-fast bacteria. platinum 
loop was inserted into the lower clear layer and loopful the gelatinous 
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204 DOUGLAS AND MEANWELL. 
disc removed slide. The preparation was smeared with drop 
distilled water and allowed dry room temperature (the slides should not 
heated). When dry the slides were placed without further treatment into 
alcohol and ether for hours room temperature, and then stained the 
Ziehl-Nielsen method the usual manner. 

The bacilli stained red were shown clearly against light blue background, 
and, granulated, the granules were easily seen. 

the following table comparison these two methods made. 


Numbers tubercle bacilli found 
minutes’ examination. 
Sample. Remarks. 
Routine method. Concentration method. 


Milk taken from individual cows. 
tion. 
Known tuberculous milk. The 
sediment resulting from the 
much tissue, and difficulty was 
found making good smear. 


These results indicate that even when the bacilli are concentrated, few are usually present 
mixed milks that microscopical examination amounts, such were employed the above 
experiments, will seldom give positive results. 
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smear was examined for minutes under oil-immersion lens. 
Although minutes not considered sufficient period for thorough 
examination the routine method, was found that the method described, 
with only four exceptions, tubercle bacilli were demonstrated that period. 

this method proved successful for the concentration and detection 
tubercle bacilli milk, occurred that tubercle bacilli suspended 
watery fluids such urine, cerebrospinal fluid, pleural effusion, even 
specimens sputum the contents cold abscesses which have been acted 
the above. 

method was worked out follows: about c.cm. the fluid 
suspected containing the tubercle bacilli oil (olive, cotton- 
seed even liquid paraffin) added and the mixture thoroughly shaken 
order emulsify the oil completely possible. the case certain 
substances, for instance, sputum pus from cold abscesses, treatment with 
antiformin necessary preliminary operation. This carried out the 
usual manner. Liquid paraffin should employed rather than vegetable 
oil, after the material has been treated with antiformin. The emulsion 
then allowed stand for short period and c.c. ether are added the 
tube. After closing with screw cap the mixture again thoroughly agitated 
and finally centrifuged. After centrifuging the tube will found contain 
three layers fluid, the upper one composed the oil dissolved the 
the lower the watery fluid and débris, while between these will found one 
containing all the tubercle bacilli. 

This intermediate layer varies thickness, depending the character 
the fluid which the tubercle bacilli were originally suspended. the case 
very watery fluids, such cerebrospinal fluid, may thin 
almost invisible. 

The following results show that the method fully worthy extended 
trial 


TABLE II. 


Numbers tubercle bacilli found 
minutes’ examination. 
Material. Remarks. 
Routine method. Concentration method. 


Treated with per 


for one hour 


artificially inoculated sample urine containing approximately 
tubercle bacilli per c.c. acid-fast bacilli were demonstrated 
minutes the concentration method, bacilli being found minutes 
the routine method. 

was also found that large quantities fluids containing minimum 
number bacilli could manipulated follows: 

Oil representing about per cent. the volume the fluid added and 
the mixture shaken till the oil thoroughly emulsified. The emulsion 
then placed separating funnel and allowed stand until the oil-globules 
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have risen the surface. The watery layer then drawn off and the oily 
layer run into centrifuge tubes which ether then added. After shaking 
the tubes are centrifuged. When this process completed will found 
that again the tubes have three zones fluid. this case, however, the 
oil-ether zone usually much larger than the watery one. Whichever 
method employed films are prepared, fixed and stained similar manner 
that described above. 

these means quite easy deal with 250 c.c. even larger 
volumes fluid, and concentrate the vast majority the bacilli present 
into the intermediate layer centrifuge tube containing c.c. 


DISCUSSION. 


the routine method examining milk for the presence tubercle 
bacilli many the bacilli are carried with the fat-globules and are 
embedded the cream layer, while the bacilli that are thrown down the 
sediment often remain clumps which may easily missed. When tissue 
elements are present the milk, difficulty found making satisfactory 
preparations; the other hand, the new method described the fat 
dissolved ether and the tissue elements are digested trypsin. Clump 
formations are, large extent, broken the severe shaking necessary 
order dissolve the fat completely the ether. 

Methods somewhat similar principle for the concentration tubercle 
bacilli from such substances sputum have been described from 
time time. These usually consisted the addition ligroin petrol 
the sputum feces after treatment with antiformin. After shaking and 
centrifuging, the bacilli were sought for the layer intermediate between the 
fat solvent and watery fluid. None these methods, however, have been 
widely employed owing their uncertainty, due probably the difficulty 
thoroughly emulsifying such substances ligroin petrol with watery fluids. 
Our investigations, however, have shown that the shaking with oil before the 
addition the fat solvent (ether) gives very constant results, and that 
practically all the bacilli suspended the fluid are finally collected the zone 
lying between the oily and watery layers. 


SUMMARY. 


method concentration described means which the micro- 
scopical examination milk for the presence tubercle bacilli made more 


reliable. 
Out samples tuberculous milk were positive microscopically 
the use this method, while the routine method tubercle bacilli were 


only demonstrated times. 

Preliminary experiments indicate that similar method may successfully 
applied the examination certain other pathological material. 
REFERENCE. 
Medical Officers’ Report, Local Government Board. 
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found that was possible increase the potency 
agar-grown plague vaccine growing the bacillus the presence 
heated serum. 

The method preparing plague vaccine this Institute that 
Rowland modified form, the whole bacillus being used place the 
nucleo-proteid extracted his sulphating process. 

body-strain pestis grown broth 28°C. for days; this 
diluted horse-serum (inactivated 56°C. for hour) the proportion 
part the former the latter, and c.c. the mixture are used 
seed for each agar Roux bottle; the bottles are incubated face upwards 
28°C. and re-flooded each day tilting backwards and forwards. the end 
days the growth washed down with 0°75 per cent. phenol-saline, pipetted 
off, counted and stood room temperature till found sterile, dilution 
the standard strength 3000 million per c.c. being carried out with 0°5 per 
cent. phenol-saline. 

order compare the protection afforded guinea-pigs and rats this 
and some other recognized types plague vaccine the following experiments 
were performed: 

Experiment Lister vaccine, (b) Lister vaccine made from stock, 
non-body strain, (c) agar-grown, heat-killed (60°C. for hour) vaccine were 
all prepared from the same strain pestis, and inoculated 
subcutaneously, each into guinea-pigs, doses with days’ interval, the 
amount being the same all cases, viz. 1500 million for the first dose and 
3000 million for the second. 

days after the last inoculation test dose consisting c.c. 
2-day broth culture the same strain, passaged several times 
through guinea-pigs, was given subcutaneously. 

All the controls were dead within days. 

The table shows the mortality during immunization and the protection 
afforded 


Experiment I.—Guinea-pig Plague Immunity. 


Number dying during Number receiving 


immunization period. test dose. after 10 days. after 10 days. 


days 2nd dose) 


Vaccine. 


] 
{ 
207 
1: 
, 
> 
4 


AL 


208 SCHUTZE. 


Experiment II.—(a) Lister vaccine, (6) agar-grown, heat-killed (60°C. for 
hour) vaccine, (c) Haffkine prophylactic were inoculated subcutaneously 
into guinea-pigs, the first two vaccines being made from the same strain, 
before, and the Haffkine being kindly supplied Lieut.-Col. 
Mackie, Bombay. 

The dosage was, before, human one two portions with interval 
days. Twenty days after the second inoculation test dose was given 
sealed culture since its isolation 1920. 

All controls died within days. 


II.—Guinea-pig Plague Immunity. 


Number dying durin, Number receivin Number Percentage 
and days after Ist dose) 
(5and after 2nd dose) 
(16 and days after 
dose) 
2nd dose) 
and days before test 


dose) 


immunizing dose being half that given humans. Eight days after the 
second inoculation ¢.c. 3-day broth culture plague, 278,” 
passaged through guinea-pig was inoculated subcutaneously. 


Experiment Plague Immunity. 


Number dying durin ivi Percentage 
days after 1st dose) 
day after 2nd dose) 


Experiment III over again with fresh batch 
again kindly supplied Lieut.-Col. Mackie. The test dose was 
3-day broth culture plague, 132,” recently received from 
Bombay, and was given days after the last immunizing dose. 


Experiment IV.—Rat Plague Immunity. 


Number dying durin, Number receivin Number Percentage 
Vaccine. immunization periods test dose. 10 day ave. 
days after dose) 
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will seen that none the three strains used for test dosage was 
high virulence. This was considered minor import, the object 
the experiments was establish comparison between number immunizing 
agents rather than see how potent any might against very toxic strains. 

Although the doses vaccine given were large the immunization mortality 
was not except three the deaths, probably not solely ascribable 
the inoculation. These three cases occurred the day following the second 
and large dose Haffkine prophylactic. 

perhaps owing this combination large immunizing doses and 
weak infecting ones that such good survival figures have been possible with 
the guinea-pig—an animal always found difficult immunization except 
means living avirulent cultures. 

Kolle and Otto (1903 and 1904), after inoculating guinea-pigs with 
variety killed plague vaccines which included both agar and broth-grown 
cultures, found that only per cent. resisted the test dose; when they used 
living attenuated plague for the immunizing inoculations they succeeded 
protecting one occasion per cent. the guinea-pigs, and another 
per cent. the guinea-pigs employed. 

Strong (1907) was able protect per cent. out guinea-pigs 
means killed agar-grown vaccine, whereas when living avirulent plague 
vaccine was administered, per cent. the animals survived the 
dose, and another occasion with attenuated strain for vaccine saved 
per cent. the guinea-pigs tested. 

Using Strong’s avirulent strain living form, Rowland (1915) protected 
per cent. his guinea-pigs against what was probably more virulent 
infecting dose than that used Strong. 


SUMMARY EXPERIMENTS. 


Guinea-pigs. 


Experiment Experiment Experiment IV. 


Experiment III. 


Vaccine, Number Percentage Number’ Percentage Number Percentage Number Percentage 
surviving surviving surviving surviving 
animals. test dose. animals. test dose. animals, testdose. animals, test dose. 
Agar-grown, 
Lister (non-body 


CONCLUSIONS. 


(1) Three well-known types plague vaccine—Haffkine’s broth, heat- 
killed agar-grown and phenol-killed agar-serum vaccine—have been compared, 
and the experiments with guinea-pigs difference immunizing power 
disclosed. The last was the most vaccine prepared according 
the modified method Rowland. 

(2) the experiments with rats all three vaccines immunized equally 
well. 
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(3) Whether this due the infecting doses having been too weak for 
severe and differentiating tests, because rats respond plague vaccines 
different manner from guinea-pigs, and so, which those animals man 
this respect more nearly corresponds, has not been decided. 


REFERENCES. 
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universally recognized that measles one the most important 
human diseases, and first sight would seem strange that has not 
been more widely and effectively studied experimental means. The fact is, 
however, that there has been apparent absence any lower animal 
which the disease can transmitted recognizable form and with sufficient 
regularity, and without such animal there little hope success. 
Attempts transmit measles lower animals have been reported from time 
time, but the results obtained have been surprisingly inconstant. Some 
have reported success various degrees, while others have met with complete 
failure under apparently similar conditions. 

essential that considerable proportion—say, per cent. more—of 
the individuals inoculated with infective material shall take the disease 
recognizable form, and that the disease shall capable being passed 
from animal animal indefinitely. That animal, e.g. the rabbit 
monkey, capable taking measles occasionally not sufficient for the 
purpose: for the animal use the disease must transmissible 
with considerable regularity. 

Quite recently Scott and Simon (1924, 1925) have carried out lengthy 
research which they have examined anew the question the susceptibility 
rabbits measles infection, and they have concluded that these animals 
indeed readily take the disease, and show diagnostic features fairly 
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constant incubation period followed distinct rise temperature and 
well-marked fall the leucocyte count, the polymorphs being particularly 
affected. Other features described previous workers they find too incon- 
stantly present value. 

The rabbit would very convenient laboratory animal for experimental 
work, and with the experience Scott and Simon mind seemed worth 
while ascertain whether our hands these animals might not, after all, 
prove suitable for use extended investigation the disease therefore 
the preliminary trials here reported were undertaken. 

first step was obviously necessary standardize technique, and also 
ascertain the limits outside which any changes temperature count 
shown our own animals could reasonably regarded significant. 


LEUCOCYTE COUNTS. 


The diluting fluid used consists distilled water containing per cent. 
acetic acid per cent. methyl violet. this fluid polymorphs can 
distinguished from the mononuclear 
series with sufficient certainty, and more 
for the purpose view, stained prepara- 
tions have been used only occasional 
check the accuracy figures obtained 
the direct method. Red cells have 
not been counted. 

All dilutions have been made means 
Piney (1924) automatic pipette 
—an instrument which simple and 
accurate use. The dilutions were pre- 
pared short test-tubes, and Pasteur 
pipettes used transfer drops the 
counting-chamber. 

The all-glass counting-chamber was 
Sons, London, and their usual used for the counts. 
Hawksley type. consists 
essentially undivided, circular, depressed table, which mm. 
diameter and surrounded groove. The ruling centrally placed, and 
shown This design was adopted after preliminary trials and has 
proved satisfactory. covers unusually large area, and the subdividing 
only the marginal components the large squares supplies means which 
they may readily recognized during The chamber mm. deep, 
that each the nine large squares represents c.mm. fluid. 

thin Allport coverslip mm. was used, and arranged that 
covered the whole chamber except for necessary minimum one end 
left for filling capillary hence evaporation slow. 

The large size the drop taken the chamber serves remove the 
distribution the cells over the ruled area from the disturbing effects 
marginal conditions. 
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The Piney pipette used gives actually dilution instead the 
nominal 1:10, and the counting-chamber has actually depth 0°105 
instead mm., but correction for these errors has been considered 
necessary, comparative figures alone have been needed. Where counts have 
been made over portion the slide only, care has been taken use the 
same area all comparable cases. 


Accuracy the Leucocyte Counts. 


take twice the root-mean-square deviation (twice sigma) 
sufficiently extensive and homogeneous series observations have the 
plus minus range within which per cent. such observations may 
expected fall. This range has been adopted the present work 
measure experimental error, and all variations within its limits have been 
regarded without significance. Others have usually adopted somewhat 
lower standard error, sigma 0°6745 sigma, and this largely the 
explanation the apparently greater errors found the present work. 
Twice the root-mean-square deviation the total the observations given 
twice sigma multiplied the root the number observations. If, 
then, the total area counted has been divided into sufficient number equal 
parts which are not too small size, and the number cells each part 
has been separately recorded, then, even single count, the internal 
evidence may made give information the probable degree 
inaccuracy due unevenness spread the cells, variation the personal 
element, etc. 

The root-mean-square deviation gives information any systematic 
errors which may present due, personal bias, but such errors are 
believed relatively small, and any case they probably not affect the 
present purpose, where comparative figures alone are sought and where 
absolute values are not much needed. All experimental errors which follow 
the law chance are included sigma. 

Rud (1923) has recorded careful work the error red cell-counts, and 
gives many references the earlier authors. The theory and calculation 
error discussed many papers and text-books, Brownlee (1913), Jones 
(1921). 


Experimental. 


Experiment 21.—The first portion blood flow from freely-opened 
vein the ear rabbit was used make dilution the ordinary way. 
The succeeding c.c. flow was allowed drop into small flask 
containing finely-powdered citrate and held assistant, who from thence 
onward kept the flask and its contents gentle continuous motion. This 
thoroughly-mixed citrated blood presumably would form source constant 
composition from which series dilutions could made. Thirteen 
dilutions were, fact, made from the citrated blood, one after the other, but 
only ten these were eventually needed. The whole operation from the first 
opening the vein the completion the final dilution occupied 
minutes. 
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Counts were made follows: 
(A) From Dilution (non-citrated blood), counts. 
From Dilution (citrated blood), counts. 
(c) From Dilutions III inclusive (citrated blood) count from 
each. 

Each count was all the cells the nine large squares the ruling, 
3°6 c.mm. dilution, and record was kept the number cells each 
square. 

Section together with the first count from Section gave comparable 

counts separate dilutions, and the figures were follows: 3357, 3379, 
3425, 3313, 3539, 3447, 3305, 3391, 3525, 3329, which gives total 34,010 
491 cells. That is, with the degree certainty which can attained 
from series counts only, may say that count any series 
34,000 white cells under similar standard conditions, may assume that 
per cent. the cases shall within 500 the correct figure—constant 
errors excepted. substituting the formula found* that 
counting 1500 cells may expect within 105, within per cent. 
the required figure. That this indeed the order the accuracy the 
work was confirmed somewhat rougher approximations gained from the 
internal evidence some 200 the actual counts made. When correction 
made for the differences standards adopted, this error seen agree 
closely with that found Rud and others. Errors identification may 
expected give relatively greater experimental error the polymorph and 
lymphocyte counts. 

As, according Scott and Simon, measles rabbits regularly accom- 
panied drop of, say, per cent. the total number leucocytes the 
blood, our routine counts, which were always c.mm. 1:10 dilution, 
were sufficiently accurate, as, blood containing 7500 white cells per c.mm., 
1500 cells would the number actually counted the chamber. 

One two other points connected with the leucocyte counts are worth 
mention, though not material the direct purpose the investigation. 


One Drop versus Several Drops. 


practical importance know whether one’s whole available time 
more efficiently spent counting one large area single drop dilution, 
whether more advantageous prepare and use several different 
drops, even though the accompanying limitation the counting time necessi- 
tates corresponding sacrifice the total area dilution counted. 
often quoted paper dealing with similar problem, 
remarks that owing the difficulty obtaining drop repre- 
sentative the bulk the liquid the larger errors will probably due 
this cause, and usual count several drops There seems 
obvious reason why this should so, and the grounds which makes the 
assertion are not clear. 

Assuming like disparity from purely chance, theoretical, values the differently- 


sized samples. similar assumption made the succeeding section when discussing the 
relative advantages counting one against several drops dilution. 


213 
5 
t 


214 PURDY. 


The point question whether the unevenness distribution the 
cells the bulk dilution the same that the cells the counting- 
chamber, for, is, then the result count not influenced the 
number drops taken, provided the total area counted remains the same. 
other words, wish know whether the samples brought over the 
Pasteur pipettes differ amongst themselves more than accounted for 
the error random sampling deduced from drop placed the 
counting-chamber any one the pipettes. 

The point can tested easily from the figures the first counts 
Section The large squares the ruling (Fig. were lettered 
excluding All counts were the whole the squares and record was 
kept the number cells each square. Any difference found com- 
paring the deviation given, e.g. the squares Count with 
that the similar area formed collecting together all the A-squares, will 
attributable differences evenness spread the cells the chamber 
compared with those the bulk dilution. The figures obtained such 
comparisons 

Count 3357 
3374 
3231 
3489 
3284 
3283 
3393 
3399 
3413 


Mean deviation 


94°6 
129°4 
182°9 
149°5 
120°8 


A-squares, 3323 
149°7 338 
117°8 3323 
3232 
3353 
3384 
142°4 3354 
100°6 3393 
3479 


bo 


These deviations agree within the limits the experimental error, which 
means that our case there presumably difference between the 
evenness spread the cells the bulk dilution compared with that 
the cells the counting-chamber. This result accordance with the 
findings number workers (Rud gives references), hence clear that 
rather than take several drops, distinctly more economical time and 
labour has been done the present work and use one drop only, and 
count large area necessary give the desired accuracy the 
results. 

Pipette Error. 


Seeing that serious differences evenness spread have already been 
excluded, the only new sources error introduced passing from the 
counts the one (Section the counts separate dilutions 
(Section are those due any inconstancy the proportions which 
blood and diluting fluid are mixed the pipette. 

The figures given the counts the one dilution are follows: 
3357, 3374, 3231, 3489, 3284, 3283, 3393, 3399, 3413, 3329, which gives 
total 33,552 460. Comparing this with the total 34,010 491 
obtained from counts separate dilutions, see that the totals these two 
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c.mm. volumes are sufficiently close, and that, due allowance being made 
for experimental error, any error due the Piney pipette itself inappre- 
ciably small. 


Effect Citration. 


There remains for consideration the possibility that citration the blood 
may have modified the evenness spread the cells. Ten counts from the 
one dilution non-citrated blood (Section gave the following 
4004, 3948, 3976, 4016, 3829, 3817, 3959, 3794, 3953, 3691, which gives 
total 38,987 650. The percentage deviation not very materially 
different here from that found the two similar counts made from citrated 
blood, hence the adoption per cent. the approximate limit the range 
error our counts supported. 

Why the grand total found counting c.mm. dilution non- 
citrated blood distinctly different from that found similar counts 
citrated blood not clear. The non-citrated blood was taken from the first 
0°25 c.c. blood flow. The counts the whole the sections were 
completed six days, and was observed that during the counting 
Section which was done last, there was appreciable amount 
but this was expected show chiefly increase deviation. 


RABBIT TEMPERATURES. 


Many observations the temperatures healthy rabbits have been 
recorded, but the details available the quantitative effect such factors 
breed, food, activity and environment seemed insufficient enable 
dispense with some investigation both the best conditions adopt 
routine standard for our own rabbits, and the range variation which 
the animals might normally expected show under those standard con- 
ditions. was soon confirmed that for careful work best regard each 
animal individual having its own characteristics rather than attempt 
detailed application figures gained from observations any series 
rabbits. Some points the investigation are sufficient interest 
recorded. 

The rabbits used were bred the Institute and were all closely alike 
breed, having considerable admixture large lop-ear the strain. They 
were kept separately, each its own wire cage in. internal 
measurement, and about four months old when first brought under 
observation. 


Thermometer. 


Rectal temperatures alone have been taken, the animal sitting quietly the 
whole time. The half-minute clinical thermometers used are in. long, and 
were always inserted within in. the tip, and then left position 
for one whole minute. animal had its own thermometer. 

The accuracy the technique could not tested comparison two 
more readings taken succession, because soon rabbit induced 
lie quite passively, its temperature begins sink with more less 
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regularity, and, there has been little movement the part the 
animal, may easily fall half hour. rabbit take 
vigorous exercise ensured 
high initial temperature, 
which the resting animal 
would willingly lie passively 
without any voluntary 
movement. Temperature 
readings taken during this 
resting stage are shown 
Fig. and will seen 
from the evenness the 
first two curves that there 
can but little error attri- 
butable irregularities 
the thermometer the 
way using it. 
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Voluntary Movement. 


From figures already given can gathered that voluntary movement 
may easily account for rise 4°5° animal taking vigorous exercise 
compared with the temperature the same animal taken after prolonged 
period perfect inactivity. Apparently even very short struggle just prior 
the taking the temperature may easily account for elevation two- 
four-tenths degree. our rabbits sit quietly their compara- 
tively small cages, and show little activity except connection with the taking 
food. 

Room rabbits their cages were taken: two were put 
into room kept 37° C., and two into room kept They were 
left for hours but there was appreciable change their temperatures. 

Excitement.—The temperatures our rabbits seem but little 
influenced variations emotional excitement amongst them. Thus 
animals habitually kept with others large room were deprived food for 
few hours, but showed appreciable alteration temperature when they 
heard the attendant coming round with the longed-for cabbage. 

was soon realized that temperature variations 
our animals are chiefly associated with the taking food. determine this 
point the other factors were standardized far possible the following 
manner: The few animals under observation any one time were together 
isolated separate room which the temperature could carefully 
regulated, and which fact, for many weeks together, never varied more 
than from the standard 69° adopted. this room the animals 
were kept free from all but the minimum disturbance and excitement, and 
indeed for the most part they would quietly resting when not actually 
feeding. 

Food consisted always lib. cabbage, oats and water. Near each 
rabbit stood second cage containing nothing but drinking-water, and into 
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both weights and 


Temperatures and 
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vations shown 


ght, the shaded areas 
and the non-shaded areas 


will seen that 


December 6th 


his regular rise and fall chiefly 


pass its fasting periods. 
ginning and the end 
charted series obser 


and often other times also. 


ecember, began fall again within hour 


this daily feeding period 
two the withdrawal food. That 


Fig. where the dark vertical lines indicate midni 
the rabbits were fed only during the daytime, and that 
temperatures regularly rose durin 


indicate periods during which food was available 


this cage the animal was put 
weights were taken the 
indicate periods complete fasting. 
the records 5th and 6th 


weights and temperatures relation feeding periods (shaded areas). 
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temperatures and weights. 
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9th and 10th, when the animals were being 
night records were complicated the fact 
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feeding and night- 
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confidently expect that the weights and temperatures taken just before food 
given the morning will the minimal for the hours, and that 
those taken just food withdrawn the evening will the maximal for 
the hours. may expect, too, that the absence diarrhea, 
malaise accompanied loss appetite will show itself change the 
weight-curve—in fact, would appear that weight-curves may used 
rough test rabbit’s appetite, and thus help confirm, otherwise, the 
pathogenicity suspiciously high temperature. 

The records given Fig. show, then, the sort weight and temperature 
variations expected our normal rabbits. Slight departures are seen 
Rabbit December 27th, Rabbit December 11th, and Rabbit 
December 2nd. The former two are interpreted pathological though 
transient, while the last case was the time thought more probable that 
the morning temperature was misreading. may noticed here that, 
curiously enough, the morning temperatures are more uniform than the 
evening ones, that possible make observations only once day, 
then seems immaterial whether morning evening selected, provided 
that the observations made fixed hour and that regular feeding 


routine observed. 
EXPERIMENTS WITH MATERIAL FROM MEASLES CASES. 


The object the present investigation, recalled, was simply test 
whether our hands rabbits are sufficiently susceptible infection measles 
virus value experimental work. The Nevin and Bittman 
(1921 and 1923), and Duval and d’Aunoy (1922), for example, suggest the 
possibility this being so, and, particular, Scott and Simon’s recent 
investigations raised hopes that the knowledge now available regarding the 
criteria measles infection rabbits might sufficient. These latter 
workers, already mentioned, conclude that the only though amply sufficient 
diagnostic features the disease rabbits distinct rise temperature 
accompanied definite fall the blood-count, especially affecting the 
polymorphs. these two points, then, and these only, have directed 
special attention. Perhaps the first place temperatures alone would have 
been sufficient, view the final conclusion the authors just quoted 
(Scott and Simon, 

The rabbits used the present work were kept under the same standard 
conditions had been adopted for Experiment They were feeding only 
from a.m. p.m. each day. Weight and temperature observations were 
made just before food was allowed the morning and again the time 
which the evening fast commenced. The blood for counts was taken from the 
fasting animal just before feeding commenced the morning, ear vein 
being pricked after capillary dilation had been induced local warming the 
skin. 

Nasal Secretions. 


the stage the investigation when clinical material became necessary 
there were accessible cases measles London, but happened that 
the disease was then epidemic Liverpool, and Dr. Barseghian that 
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city kindly offered his help. With the exception those from one case only, 
indebted Dr. Barseghian for all the swabs used. selected the most 
suitable cases from amongst his patients and then personally took and bottled 
nasal swabs, which, with the necessary clinical notes, once forwarded 
London express delivery postal packet. Some delay was thus involved, but 
Scott and Simon (1925), using rabbits test, appear have found 
difficulty showing the presence the still living virus similar material 
hours old. 

All told, swabs from patients were used, the stage the disease being 
follows, viz.: day the rash, cases; 2nd day the rash, cases; 
3rd day the rash, cases. The cotton-wool swabs were extracted with 
from either Ringer saline, which was then passed through 
Mandler candle. rabbits were used, and all received extract intra- 
venously within hours the taking the swabs—the extract 
from the locally-obtained case was injected within hours. two 
occasions extract the pooled swabs from three cases was made 
and used. The rabbits were kept under observation for from 
days from the time the injection. Weights and temperatures were recorded 
for all rabbits, but blood-counts were made only four cases. All temperatures 
and weights remained unchanged. The total leucocyte counts are rather 


variable normal animals, but the one case where leucocyte drop looked 


might conceivably significant, blood was transferred the 8th 
day two new rabbits, which, however, remained normal. There can 
doubt that the changes sought were not present our animals. 


Blood. 


The whole the material used owe the kindness Dr. 
Goodall, Superintendent the North-Western Hospital, who also respon- 
sible for the clinical diagnosis. gladly acknowledge indebtedness 
him. 

Experiment 11.—Case D—. hours old and possibly just 
beginning fade. blood are taken and added c.c. per 
cent. citrate. this mixture, Rabbits and each receive c.c. intra- 
venously within hours the taking the blood. Rabbit was observed 
until the 8th day and Rabbit until the 10th, and neither showed weight 
temperature abnormalities. Rabbit showed fall leucocytes Rabbit 
blood was not counted. 

Experiment 25.—Cases and H—: both first day the rash 
spots present both. Case B—: second day the rash; spots 
present. Citrated blood from the three cases was mixed together just before 
use (total blood c.c. per cent. citrate), and then Rabbit 
received the mixture. The injection was completed within 
hours the taking the first blood. Rabbit received c.c. the 
mixture, but died within few minutes the injection. The chart Rabbit 
shown Fig. The initial polymorpho-leucocytosis and the succeeding 
temperature and weight disturbances are regarded being most probably 
reaction the injected blood itself rather than any contained virus. 
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the 8th day the leucocytes, which had previously risen, have fallen again 
and blood transferred two new rabbits. One these latter showed 
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transient temperature the even- 

ing the 5th day the disease 

and blood was transferred from 

which showed abnormal tempera- 

ture weight variations during 
the succeeding days. 

Experiment 27.—Case 
C—. Second day spots and 
temperature, but yet there 
rash. blood are added 
c.c. per cent. citrate. 
hours later the mixture put 
into the cold room, and hours 
later still each the three rabbits 
28, and receives intravenously 
c.c. the mixture. The rabbits 
were all observed until the 15th 
day the disease. 
remained normal except for slight 
rise shown Rabbit the 
morning the 6th day, and 
Rabbit both the morning and 
evening the 14th day. Weights 
text. The three blood-curves are were little affected these 

denoted the same manner those Fig. occasions, but otherwise remained 

normal. Leucocyte counts were 

done for both Rabbit and Rabbit but showed nothing abnormal except. 

that Rabbit had transient polymorpho-leucocytosis with its peak the 
13th day. 

Experiment 28.—Case Q—. Second day spots: rash yet. 
blood taken and added c.c. per cent. citrate. hours 
later the mixture put into the cold room, and then, hours later still, 
injected intravenously into Rabbit 32. The rabbit kept under obser- 
vation until the 15th day the disease, but abnormalities appear 
weight temperature curves except for slight elevation temperature 
the morning the 13th day. Blood-cells were not counted. 

Experiment 29.—Case V—. Rash still vivid although now late its 
2nd day. Blood taken two separate portions: (1) blood 
per cent. citrate. hours after the taking the blood the mixtures 
are put into the cold room and then hours later still are used for animal 
inoculation. Rabbit receives intravenously the whole the first portion, 
while Rabbits 31, and each receive c.c. from the second portion. 
The rabbits are observed until the 15th day. Weights and temperatures 
remain normal all cases. are counted for Rabbits and 
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Experiment 30.—Case H—. 
definitely extended within the past few hours. blood taken and 
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put into the cold room. hours later still each the Rabbits, and 37, 
receives intravenously c.c. the mixture. Both animals are observed 
until the 15th day. Rabbit shows considerable polymorpho-leucocytosis 
the day following the injections, but next morning the count has 
returned normal and thenceforward shows abnormalities. Weights 
and temperatures remain normal throughout. the case Rabbit there 
are counts done, but the animal shows elevated temperature throughout 
the 3rd and 4th days, with accompanying reduction the daily excursion 
the weight curve. Blood taken from Rabbit the 6th day injected 
into two new rabbits, but although these are kept under observation until the 
14th day neither shows changes weight temperature, and the one 
which daily counts are made shows significant variations. 

Experiment 34.—Here was decided use Macacus rhesus monkeys 
test the presence the virus the actual material being used. 

Case M—. The rash about hours old, but still vivid; 
spots are present. blood taken and added c.c. per cent. 
citrate. The injection all animals was completed within hour the 
taking the blood. the mixture, Monkey received c.c. intra- 
Monkey received c.c.; Rabbits and each received c.c., 
and Rabbit received 2°5 c.c. 

Charts are shown Figs. and counts were made Rabbit 48. 


will seen that the rabbit curves show significant variations, 


charts are regarded showing changes typical those found our normal 
rabbits, and that, indeed, perhaps the chief reason for their being given here. 

the 14th day both monkeys developed rash over trunk and face. 
The rash closely resembled that found typical human measles. Monkey 
was never really ill, but Monkey was distinctly out sorts for two days 
more and showed distinct conjunctivitis and bubbly breathing. Correspond- 
ing the period the rash, and disappearing with it, occurred distinct 
fall the total leucocyte count both monkeys—in fact, except that the 
incubation period was rather long, there was reaction closely agreeing 
with that described Blake (1922) typical measles monkeys. 
temperature and weight observations were made our monkeys. 


COMMENTS AND CONCLUSIONS. 


Scott and Simon (1924), whose work the most recent which have 
knowledge, conclude “that sustained rise temperature with its acme 
occurring certain time, coupled with amphophilic leucopenia, constitute 
the most characteristic symptoms measles infection the rabbit, and that 
with proper controls the thermic and leucocytic responses may well serve 
criteria infection with this 

has been shown that under the standard conditions adopted, both the 
leucocyte counts and the temperature observations our rabbits are suffi- 
ciently accurate, the probable maximal experimental error both cases being 
distinctly smaller than the normal variations actually observed. neither 
these curves, however, has there been found any significant change following 
the injection blood nasal secretion from measles have 
uniformly failed infect rabbits. 
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Perhaps the living virus was never injected, either because its presence 
secretions and blood varies under unknown conditions, because failed 
survive the citration and the delay preceding the inoculation; again, 
perhaps failed because the blood was taken during inter-epidemic 
period—a time which the infectivity the virus might expected 
low (Brownlee, 1909). 

The monkey controls Exp. and the reported findings Scott 
and Simon are against the uniform absence the virus the materials 
have used. may that have been unfortunate the breed rabbits 
chosen. any case, have failed realize our early hope that rabbits 
might prove sufficiently sensitive our hands used reliable universal 
indicators the presence the measles virus, and felt that the work 
done probably sufficient test this point, the primary object the research. 

There still remains outstanding the possibility that rabbits are susceptible 
only certain strains the measles virus. possible, too, that once 
strain became established rabbits would found communicable with 
sufficient readiness from one another these animals. cannot say. 

whether monkeys could used can express opinion, 
have not sufficient data our own respecting the proportion these animals 
which may expected found susceptible. All that can said that 
the only two monkeys used, both gave apparently satisfactory positive 
reaction. 


indebtedness Dr. Goodall and Dr. Barseghian has 
already been mentioned. Here would like acknowledge indebtedness 
Capt. Douglas, I.M.S. (ret.), for critical interest taken the work. 
Acknowledgment and thanks are also due wife for help generously 
given during many hours exacting and wearisome routine work. 
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attempt demonstrate virulence” among 
strains Corynebacterium some cultures which had previously 
been found avirulent subcutaneously were re-tested, using much larger 
doses than had been customary. Several the guinea-pigs used for these 
re-tests died. Dr. O’Brien, the Wellcome Research Laboratories, kindly 
examined some these cultures, but was unable confirm results. 
Meanwhile had noticed post-mortem lesions few the experimental 
animals which convinced that some cases where injection had been 
intended given into the subcutaneous tissue, had really been introduced 
into the peritoneal cavity. This error easy make when bulky injections 
more are used. Subsequently all injections that were intended 
subcutaneous were given over the ribs, and after this became the rule all 
cultures diphtheria failed kill guinea-pig when the 
largest doses use were given the subcutaneous route. The fact that 
massive doses so-called avirulent could destroy guinea-pig 
intraperitoneal injection and harmless subcutaneous injection seemed 
curious that the experiments described were carried out. 

this paper means Gram-positive, aérobic bacillus 
variable length showing characteristic granules staining Neisser’s 
method, and cultures which grown Hiss’ serum water ferment glucose 
but not saccharose. Every culture diphtheria bacilli referred this 
paper fulfilled these requirements. The two main varieties subspecies 
are usually designated virulent and avirulent. For reasons 
that will apparent later prefer call the two varieties toxigenic 
and atoxic for convenience these names will 
abbreviated, future, T.C.D. and A.C.D. respectively. 

The medium which was used for the primary cultures and for storing 
strains was plain inspissated serum, without any addition 
glucose. The pure strains were isolated Petri dishes 
containing either plain serum agar Douglas’s medium. Douglas’s medium 
(1922) was also employed grow for inoculating the guinea- 
pigs. consisted nutrient agar prepared with bullocks’ heart broth, 
which per cent. trypsin-ox serum was added just before the solidification 
the agar. The growth this medium far more luxuriant than any 
other have used. For brevity future the trypsin-serum-agar medium will 
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the T.S.A. slants were always seeded the same way. The water 
condensation the T.S.A. tube was heavily inoculated with culture 
diphtheri@ grown inspissated serum. The water was then allowed flow 
freely two three times all over the surface the T.S.A. slope. The cultures 
were generally sown between and p.m., and washed off measured 
quantity 0°9 per cent. salt solution between and a.m. the following 
day, and the guinea-pigs inoculated forthwith. Most the 
strains formed suspension saline, but few were and 
required prolonged shaking with beads before anything like homogeneous 
result was obtained. Many the suspensions were counted hemacyto- 
meter slide and matched with barium sulphate standard suspensions. These 
methods nearly always gave the number bacilli whole slope T.S.A. 
between 20,000 and 30,000 millions. Fresh guinea-pigs weighing near 
possible 250 gm. were used, but occasion 200- 300-gm. animal was 
employed. Most the suspensions were not counted, fractions T.S.A. 
slope being the rough means used measure the amount bacilli inoculated. 


Thirty-four strains T.C.D. were used these investigations; all were 
obtained from the throats Greenwich Naval School boys. Seven strains 
were from diphtheria cases, from non-membranous sore throats, and the 
remaining from healthy carriers T.C.D. The subcutaneous injections 
this series were always made over the ribs the guinea-pig avoid any 
chance penetrating the peritoneum. 


Minimum Killing Dose T.C.D. 


Fifteen different strains T.C.D. killed guinea-pig when T.S.A. 
slope was used. Eleven these strains failed kill with Four 
strains were fatal guinea-pig 0°001 doses. Only once did guinea-pig 
survive 0°002 T.S.A. culture T.C.D., but this strain was fatal when 
was the dose used. These observations showed that the M.L.D. the 
living T.C.D. strains this series was generally the neighbourhood 
million bacilli—that say intermediate virulence” between A.C.D. 
and T.C.D. was detected, which confirms the opinion most authorities 
the subject. 


Time Survival after Inoculation. 


There were occasions when the time that the guinea-pigs lived after 
subcutaneous injection with T.C.D. was. noted. these, (32 per cent.) 
died hours; (63 per cent.) survived hours, but not 48; 
per cent.) lived and days respectively. 

The time survival was remarkably constant irrespective the size 
the dose. However, there was tendency longer survival with the 
smaller doses. The three animals which lived over hours after injection 
had each only received 0°002 slope, whereas the which died within 
hours, had had more than had had 0°1, and only one 0°002 T.S.A. 
slant. However, some instances where two animals had been inoculated 
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the same time with the same suspension T.C.D., the one receiving the 
larger dose outlived the other. Such inconsistencies suggest variable 
response among different guinea-pigs. 


Post-mortem Lesions. 


the notes only autopsies, out much larger number, was the 
information sufficient tabulate the lesions shown Table 


the Chief Lesions found the Post-mortem Examina- 
tions Guinea-pigs which died after Subcutaneous Injection 
Toxigenic diphtherie. 


Lesion present. 


Lesion not Per cent. lesion 


Type lesion. present. present. 


For edema gelatinous edema site injection. 

sometimes over whole front body. 
For effusion obvious fluid present but less than 

welling out cavity directly was opened. 


Table confirms the results most observers that congestion the 
adrenals the most constant lesion guinea-pigs after death from 
experimental diphtheria. 


Correlation between Type Lesion and Size Inoculating Dose. 


The chief factor determining whether subcutaneous gelatinous cedema 
hemorrhagic adrenals will the most marked post-mortem lesion seems 
the size the dose T.C.D. used for inoculation. 


TABLE II.—Correlation between Type Lesion and Size Dose. 


Number. Per cent. Number. cent. 


The lesions, summarized Table arranged show that adrenal congestion more marked 
with large than with small doses T.C.D., whereas gelatinous subcutaneous more 
constantly seen when small doses have been used. 

Doses are given fractions the growth T.S.A. slope. 

degrees are included (the and Table I), whereas only the 
maximum degree adrenal change (the Table was used compile Table II. 
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Table brings out the fact that this series gelatinous cedema was twice 
common when the amount T.C.D. injected was approaching the M.L.D. 
than when comparatively massive doses were used. the other hand, doses 
and over produced the maximum change the adrenals five times 
often doses and less. Moreover, the only two autopsies where 
naked-eye change was observed the adrenals only, and 0°001 
T.S.A. slant had been injected. 


Intraperitoneal Inoculation T.C.D. 


has been stated that intra-peritoneal injection less reliable than 
subcutaneous administration testing the virulence T.C.D. The possi- 
bility puncturing the peritoneum during subcutaneous injection made 
advisable test Six guinea-pigs were given, intra-peritoneally, 
animals died within and the rest within hours administration. 
(Edema (perhaps due leakage) was seen three animals the site 
injection. Adrenal redness was seen all the post-mortem examinations, 
and them the maximum colour change was noted. and 
peritoneal effusion was also evident every case. Unfortunately doses less 
than 0°01 were not tested intra-peritoneal injection. However, these 
results are sufficient show that virulent cultures could have been falsely 
returned avirulent, even the injection was inadvertently made into the 
abdominal cavity instead the subcutaneous tissue, because when the sub- 
cutaneous method was used for routine virulence testing the amount injected 


was least 0°2 the growth slope. 


VIRULENCE ATOXIC STRAINS. 


Ten atoxic strains were used this work. Eight them, 
one time another, killed guinea-pig when all the growth from one slope 
T.S.A. slant was suspended 0°9 per cent. salt solution and 
injected into the abdominal cavity. One strain required slopes, and another 
never killed less than slopes culture were given. 

When given subcutaneously, these strains A.C.D. were innocuous 
guinea-pigs when all the growth slants was injected. Three 
other strains were harmless with 2-slope doses. The remaining strain 
A.C.D. was never tested hypodermically larger dose than 0°2 slope. 
The results the majority the intra-peritoneal injections 
are summarized Table 

addition the experiments recorded Table III, 0°2 A.C.D. 
culture was injected into the peritoneal cavity guinea-pigs, all which 
remained well. 0°5 dose was given occasions, which killed 
guinea-pig, but these deaths were caused the same strain A.C.D. 
The table shows that about two-thirds the A.C.D. cultures tested intra- 
peritoneally were fatal guinea-pigs when all the growth slant 
was injected and slopes A.C.D. culture were invariably fatal. Accord- 
ing Table III the 2-slope dose would appear less than slope. 
This paradox only apparent because nearly all the 2-slope doses were used 
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re-test those strains A.C.D. which had failed kill guinea-pig with 
dose. The rest Table III shows the effect intra-peritoneal 
injection guinea-pigs which had received 1000 units 
diphtheria antitoxin serum (Messrs. Burroughs Wellcome) the day before 
the injection The results show that the serum had some 
immunizing effect, because all the animals which had received only slope 
culture survived, and even some those which had received remained 
well. The total morbidity was only about half that the unprotected guinea- 
pigs. order see this lethal effect peritoneal injection was also 


Dose 
Type culture, toxigenic not. Number which Mortality 
with 1000 units used. injection. 
culture. 


per cent. 


Total 


A.C.D. cultures: immu- 
nized guinea-pigs. 


Total 


Series 


Series 


T.C.D. cultures: immu- 
nized guinea-pigs. 


Total 


Summary the results injecting massive doses (C.D.), either atoxic (A.) 
toxigenic (T.), which had been grown trypsin-serum-agar culture media (T.S.A.), into the 
abdominal cavity guinea-pigs, those Series and III having been subcutaneously injected 
the previous day with 1000 units diphtheria antitoxin (Burroughs Wellcome). 


present virulent similar series injections were carried out 
protected guinea-pigs using virulent strains Within the 
limits chance the same results were obtained when 
strains were used. 

distinct from toxigenicity, would seem possessed the toxigenic 
well the so-called avirulent types. Against this hypothesis was the 
protective effect diphtheria immune serum. Whether this due its 
antitoxic content other immune bodies unknown, but possibly this could 
discovered neutralizing the antitoxin with toxin before injecting the 
mixture into the guinea-pig. There was indication that some the 
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avirulent strains were more virulent intraperitoneally than 
others. Table summary given the intra-peritoneal injections 
two strains A.C.D., which show very definite difference their killing 
power. 


TaBLE Experiments with Two Strains A.C.D. showing 
Variations Atoxic Virulence Guinea-pigs. 


A.C.D. strain 6/79. A.C.D. strain 6/2. 


Date. Dose. Result. Date. Dose. Result. 
July 29th, 1923 Aug. 2nd, 1923 
Aug. 2nd, Aug. 7th, 
Aug. 7th, Sept. 28th, 
Aug. 7th, 
Sept. 7th, 
Sept. 7th, 
Sept. 7th, 
Sept. 25th, 
Sept. 28th, 
Nov. 26th, 
Nov. 26th, 
Nov. 26th, 
April 23rd, 
April 23rd, 
May 15th, 
May 15th, 
May 15th, 
July 16th, 
Aug. 26th, 


Doses all given fractions cultures. All injections were intraperitoneal except 
those marked SC., which were subcutaneous. 

AT. means 1000 units antitoxin given day before injection, subcutaneously. 


Oct. 8th, 

Oct. 25th, 
Oct. 25th, 
Nov. 27th, 
Nov. 27th, 
July 16th, 
Aug. 20th 
Aug. 26th 


These were admittedly the two strains which gave the most consistent 
results. one slopes were always necessary obtain death, 
while the other slope was invariably fatal, and once shortly after isolation 
was fatal dose. most the other strains the results were not 
nearly constant. Occasionally strain which had killed with slope 
would fail kill with This, the whole, seemed occur more 
frequently after the strain had been isolated and frequently subcultured over 
some months. Hence there was some, though very little evidence that this 
“avirulent was more marked directly after the isolation the 
strain. 

The time survival was more variable than the series T.C.D. 
subcutaneous injections. Most animals died during the second third day, 
but survived till the seventh day. 

The post-mortem lesions were recorded unprotected guinea-pigs 
which had died from intra-peritoneal injections diphtheria. 
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there was gelatinous cedema the abdominal wall round the site 
the injection. Pleural effusion was obvious 15. there were naked- 
eye changes the adrenals. The colour these organs was never the 
dark red purple that was seen the majority the autopsies guinea- 
pigs killed with frankly toxigenic cultures. the adrenals were recorded 
red, and merely pink. The remaining appeared normal. 
Three animals exhibited neither obvious nor pleural effusion, nor 
change colour the adrenals. all the autopsies, both protected 
well unprotected guinea-pigs, characteristic changes were seen 
the abdominal cavity. effusion was always present—it was 
generally serous and not turbid. cases the effusion consisted 
semi-solid clear jelly. Sometimes the fluid was slightly blood-stained. 
Microscopically cells were few, and bacilli were difficult find the peri- 
toneal exudate. There was one exception which extra-cellular diphtheria 
bacilli was numerous that the stained smear looked had been taken 
from pure culture diphtheria. The omentum was tightly rolled 
every case and was packed with phagocytes, and bacilli were present 
countless numbers. The proportions intra- and extra-cellular bacilli varied 
considerably different animals. Most the bacilli stained well and 
characteristically, though some smears there were many organisms which 
took the stain feebly and appeared undergoing lytic changes. 
some the stained films Gram-negative bacilli, coarse Gram-positive bacilli 
(anaérobes) and cocci were seen addition diphtheria bacilli. 

Cultures were made from the peritoneal exudate animals. 
apparently pure culture diphtheria was obtained. though 
colonies diphtheria bacilli were plentiful, coli communis and various cocci 
were also present. These secondary organisms were probably terminal 
post-mortem infection from the intestines. Some the cultures diphtheria 
bacilli which were obtained from the peritoneal exudate were proved 
still when they were inoculated subcutaneously into another 
guinea-pig. 

The post-mortem findings the protected guinea-pigs which died after 
intra-peritoneal injection either virulent strains 
were similar those described above. 

final rather peculiar lesion may noted. two three cases the 
experimental animals developed dysenteric symptoms with sanious discharge 
from the anus, accompanied marked prolapse the rectum. Attempts 
grow from the rectal discharge failed. Post mortem 
marked naked-eye changes were noticed the intestines these cases. 
Perhaps the death all these guinea-pigs may not have been specific effect 
diphtheria, but have been due protein poisoning the nature which 
Vaughan (1922) has shown occur when sufficiently massive doses almost 
any cellular protein are introduced parenterally into animal. test this, 
recently isolated strains Hofmann’s bacillus were used. Three were 
isolated from the throats boys who were also carriers diphtheria, and 
from negative primary throat culture. Four small guinea-pigs less 
than 250 gm. were selected. Two these animals received slopes 
culture each, and two slopes each, into the peritoneal cavity. All these 


_ 
: 
int 


232 DUDLEY. 


guinea-pigs survived and never appeared ill. may mentioned that 
slope 20-hour culture Hofmann’s bacillus T.S.A. contains much 
protein similar culture This was why Hofmann’s 
bacillus was used for this control, because other diphtheroids such the 
more closely morphology than Hofmann’s bacillus, not grow nearly 
well T.S.A. 

Perhaps the lethal effect intra-peritoneal injections avirulent diph- 
might have been due property the dead specific protein rather 
than function the living organism. test this possibility slopes 
recently isolated avirulent culture (Strain 6/58 the only one which had 
times killed with 0°5 slope) were suspended saline; 2°5 c.c. 
this suspension, the equivalent one slope culture, destroyed 
guinea-pig within hours. The remaining c.c. were heated 58°C. 
for minutes. culture taken from the heated suspension remained 
sterile.) This equivalent slopes was injected into small guinea-pig’s 
peritoneal cavity. The animal survived and showed signs ill-health. 
Thus guinea-pig was able survive three times the amount the same 
suspension dead bacilli killed larger animal when the bacilli were 
alive. similar control experiment was done with toxigenic strain 
slopes this strain when injected intra- 
peritoneally into guinea-pig, protected with antitoxin, killed within 
hours. The usual lesions were seen the autopsy. When the suspensions 
were sterilized the same way was described for the avirulent strain they 
failed kill two animals, one which received the equivalent slopes 
and the other These two latter guinea-pigs were unprotected with 
antitoxin. Therefore addition showing that the dead 
had lethal effect the doses used, this control showed that the amount 
toxin the suspension made from 20-hour cultures trypsin serum agar 
was (after heating for minutes 58° C.) less than M.L.D. 


DISCUSSION. 


These experiments suggest that the smallest dose T.C.D. that will kill 
guinea-pig varies only slightly with different strains. this series 
cultures the was somewhere the neighbourhood millions 
bacilli. This result accordance with the much more careful work 
Powell who found that the M.L.D. T.C.D. strains all fell between 
and 140 million bacilli. objection may raised that any conclusions 
from the work described this paper are vitiated because the cultures used 
were not pure lines originating from single cell. However, Powell’s work 
shows this criticism rather academic than real, since found difference 
between the single cell cultures derived from the same T.C.D. colony, and there 
was quantitative change the toxigenic virulence among 336 cultures during 
period four years. The observation that with very small subcutaneous 
doses T.C.D. gelatinous the site injection the most charac- 
teristic post-mortem finding, while with large doses dark red adrenals are 
constantly present, often the absence any obvious subcutaneous cedema, 
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some importance, because harmonizes some apparent inconsistences 
the literature. For example, Jordan, Smith and Kingsbury (1922), 
contrary most workers, found cedema more constant naked-eye lesion 
than adrenal change, the latter being absent per cent. their guinea- 
pigs which died experimental diphtheria. were, however, using broth 
cultures, which never contain anything like the number T.C.D. found 
the growth T.S.A. slant. 

has been seen that the M.L.D. for all strains T.C.D. injected into 
the subcutaneous tissues falls between 0°0005 and 0°005 T.S.A. culture. 
order kill guinea-pig with diphtheria bacilli, least 0°5 
slope 100 times the maximum M.L.D. for T.C.D. was necessary, and 
sometimes much slopes A.C.D. culture were required cause 
death. addition the guinea-pig suffered harm unless the A.C.D. was 
injected into the peritoneal cavity. The big gap between the maximum M.L.D. 
for T.C.D. strains, and the smallest for A.C.D. strains, together with 
the necessity for intra-peritoneal administration the latter, suggests that 
the virulence the so-called has nothing 
with ordinary diphtheria exotoxin. Against this view might urged 
that diphtheria antitoxin able prevent death from following otherwise 
fatal dose A.C.D. (see Table III). those cases where death supervened 
spite antitoxin might argued that the huge dose A.C.D. adminis- 
tered produced more toxin than 1000 units antitoxin could neutralize— 
supposition which seems improbable when realized that 1000 antitoxin 
units should neutralize 100,000 M.L.D.’s toxin. Also order produce 
one M.L.D. toxin least 0°001 T.S.A. culture ordinary living 
virulent T.C.D. generally required. Therefore develop the guinea-pig 
enough toxin neutralize 1000 units antitoxin might necessary 
inject and 100 slopes virulent culture. For these reasons seems 
absurd believe that the strains, which killed protected guinea- 
pigs, did means toxin which was undetectable the ordinary intra- 
dermic subcutaneous methods. Still more unlikely exotoxin the cause 
death when (see Table found that greater proportion protected 
guinea-pigs survived the series injected intra-peritoneally with massive 
doses T.C.D. than the series injected with similar doses A.C.D. 
the frankly toxigenic bacilli could not produce enough toxin swamp the 
antitoxin, the A.C.D. could not expected todoso. Therefore any protective 
effect the antitoxic serum was unlikely have been due neutralization 
toxin, and was probably due some other immunizing factor the serum. 
would have been instructive see larger amounts serum would have 
completely protected the guinea-pigs from the large fatal doses atoxic 
but this could not done the time available. 

significant that the lesions produced when lethal quantity A.C.D. 
injected into the peritoneal cavity guinea-pig are very similar the 
results intra-peritoneal injection meningococci into mice. The doses 
used are also comparative. may take more than 5000 million meningococci 
destroy mouse, which dose comparable the 25,000 million A.C.D. 
generally required kill animal least ten times heavy mouse. 
Murray (1923) has noted with the mouse and meningococci, and well 
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known with other organisms also, the rolled-up omentum packed with 
phagocytes and organisms very characteristic death due so-called 
poisonous protein cleavage products, the result bacterial 
lysis. Meningococci are, however, more poisonous mice alive than dead, 


and the two experiments described above suggest that this also true 
A.C.D., and also T.C.D. when the latter’s exotoxic effect has been neutralized. 
Murray’s paper illustrates the extreme complexity the quantitative esti- 
mation virulence. would therefore again reiterate that 
the technique used these observations was often not exact enough 
certain, individual experiment, whether any irregularity observed was 
due variable response the guinea-pig, biological difference the 
strain bacillus injected. However, the main fact that emerges from this 
work that for more than year after isolation, under certain conditions 
experiment, guinea-pigs could killed the intra-peritoneal injection 
large doses diphtheria bacilli. 


CONCLUSIONS. 


All strains toxic diphtheria bacilli killed guinea-pigs with small 
doses. strains were found with virulence intermediate between that 
the toxic strains and the non-toxic. 

The non-toxic strains had action guinea-pigs when administered 
subcutaneously doses containing whole slopes culture, but intra- 
peritoneally these doses frequently killed the animals. 

The lethal action the large doses was neutralized great extent 
antitoxin. 

The post-mortem lesions were similar those found after injection 
toxic strains. 

The nature the toxic action discussed. thought due 
more probably endotoxin than exotoxin, and the protective action 
antitoxic serum the presence the serum antibodies other than 
antitoxins. 
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earlier paper (1923) showed that different cultural appearances 
could correlated with the results serological typing meningococci. 
natural extension this work was the investigation from similar standpoint 
the very closely related organism, the gonococcus, and was soon 
discovered that growing strains this organism thick trypagar* plates, 
differences appearance could detected. The depth medium was from 
7-9 mm. order give the organisms the opportunity prolonged 
growth. point the surface was inoculated. the inoculations are not 
near enough the plate interfere with one another, large colonies can 
obtained growing 37° for three weeks month. only when 
cultivated this manner that differences appearance become evident. 
These are largely due the occurrence the surface some 
the colonies, although there are other points distinction which will 
mentioned later. This accorded well with what had found the case 
the meningococcus. addition the variety appearances displayed 
the different types this latter organism had also found marked distinction 
viability, the non-papillated form (type II-IV Gordon’s classification) 
outliving the papillated form (type I-III) considerable number days. 
Since the publication the work the meningococcus, have tested the 
viability the papilla versus that the smooth flat part the same colony, 
and have always found that the papilla lives considerably longer than the 
other part 37°. The same test was applied the gonococcus with 
exactly similar result. Colonies were grown thick trypagar plates until 
good crop had formed the surface, when material from papilla, 
and also from the smooth thinner intervening part, was inoculated horse- 
serum agar slopes and incubated. This was done intervals several days 
until the colony had died out. The amount material available single 
colony was not great the case the meningococcus, the gonococcus 
does not grow quite luxuriantly, but the quantity proved ample for 
the test when cultivations from were not made such frequent intervals. 

inspection Table will show that the papilla has outlived the flat 
part each case, often surviving nearly twice long. The outcome this 
that steady selection the type gonococci forming the papilla must 


Trypsin-broth-pea-agar, introduced Gordon. The preparation this medium was described 
paper referred to. 
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taking place stock cultures. Naturally, strains kept stock will not 
subcultured more often than found necessary from experience, that living 
organisms from the papille will tend transferred the subculture each 
time greater numbers than living organisms from the thin flat part the 
colony, until finally they are the only kind present the culture. The 
significance this will seen later. 


VIABILITY PAPILLA COMPARED WITH THE THIN FLAT PART THE 
GONOCOCCUS COLONY THICK TRYPAGAR PLATES. 


DAY INCUBATION. 


3262 


=GROWTH 
=NO GROWTH 


APPEARANCES COLONIES. 


When different strains gonococci are planted plates, 
two well-contrasted kinds colonies develop the course about three weeks 
(vide Plate). What may considered the first type the colony commonly 
produced strains from acute urethritis. consists thin 
transparent growth which papille soon appear, distributed usually large 
numbers all over its surface. Its outline rather The second 
extreme type smaller colony, white slightly yellowish colour and very 
dense and opaque. The colony raised, its surface more less smooth 
and devoid papille. Also tends rounder than the first type. 
All intermediate stages between these two extreme types are met with. 
Sometimes the centre colony may dense, indicating type II, but the 
outer part thin and translucent with papille dotted about its surface, where 
the more vigorously growing type organisms have outdistanced the others. 
The strain mixture the two types. colonies are grown thick 
trypagar plates from the stock cultures different dates after the isolation 
the strain from the body, the transformation from type into type may, 
under favourable circumstances, followed. The papille the transparent 
colony get larger, coalesce into masses, and finally constitute the entire colony. 
The colony has become papilla. Four five strains, for which 
indebted the National Collection Type Cultures, which had been stock 
for two three years, had evidently passed through this metamorphosis, 
they all grew the form characteristic type 
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CONDITIONS UNDER WHICH THE CHANGE TYPE TAKES PLACE. 


The reaction trypagar about This happens roughly 
the reaction the horse-serum agar this laboratory which the stock 
cultures are kept. medium this degree alkalinity fresh strains the 
gonococcus usually produced freely about days average. 
Not only when grown colony thick trypagar plate, but also 
when cultivated horse-serum agar slope with reaction about 
are developed. If, however, the reaction the neighbourhood 
the growth takes another character. much more 
abundant the horse-serum agar slope, but the strain definite type 
dies out about days before any have had time deveiop, if, 
indeed, they would develop all this reaction. This short life the 
culture presumably due the action its own autolysin, which does not 
appear function The restricted range reaction which 
enzymes are active is, course, well known. reaction now 
generally recognized roughly the optimum for the cultivation the 
gonococcus. seems, therefore, the excessive alkalinity the cause 
the papille, and that they represent adaptation unfavourable 
environment. 


COMPARISON WITH THE MENINGOCOCCUS. 


paper cit.) describing the cultural appearances characteristic 
Gordon’s different serological types meningococci, stated that types and 


III produced large irregular colonies with rough surface bearing papille, 
while types and produced smaller circular colonies with smooth 
surface free from The analogy with the gonococcus obvious. 
was, necessity, working with strains meningococcus which had been 
artificial media for some considerable original strains forming 
the basis the investigation, and this will account for not describing the 
sheet-like growth typical what have called type 
gonococcus. This very thin clear growth quickly lost when the strain 
kept artificial media, and there great likelihood that some Gordon’s 
strains had changed little since their original isolation. Since writing the 
paper referred to, however, several strains recently isolated from the cerebro- 
spinal fluid meningitis cases have been examined, and they all produced the 
thin, more less transparent colony the surface which papille 
developed, sometimes clustered masses, but usually some discrete ones. 
This organism possessed greater growth energy than the gonococcus. 
Colonies thick trypagar plate always grow faster and larger than those 
the gonococcus, that there difficulty distinguishing the two 
organisms. 
AGGLUTINATION. 


Most the strains gonococcus used this investigation were freshly 
isolated from cases acute urethritis, male and female, and also from the 
cervix uteri the case the female. much indebted Dr. 
Osmond St. Thomas’s Hospital and Dr. Fildes the London 
Hospital for these strains. They were isolated ascitic agar about 
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except those from the London Hospital, where horse-serum agar 
roughly the same reaction was used. The emulsions for agglutination were 
made from surface growths ascitic agar (pH 7°5), and horse-serum agar 
(pH 7°8). When was found, however, that the latter agglutinated much 
better than the growth ascitic agar while still preserving its type with 
respect the two type-sera, was future used exclusively. Several strains 
which would not agglutinate all with sera when the emulsion was made 
from ascitic agar growths, came well within the range these sera when the 
growth was made the alkaline horse-serum agar (see Table IV). The 
growth was emulsified per cent. NaCl, made standard opacity, 
heated for half hour 65° and 0°5 per cent. phenol added, which has been 
the general practice dealing with the meningococcus and gonococcus. 

Two agglutinating sera were used the experiments which have called 
serum and serum II. preparing the first serum great pains were taken 
obtain strain showing the typical cultural appearances which have 
described type that say, colony growing large size, irregular 
outline, and consisting thin transparent sheet substratum which 
subsequently develop. Such F2674, which had never been 
any other medium except ascitic fluid agar (pH 7°5) since its isolation from 
the male urethra, was grown plates the same medium, and after being 
treated the same way the emulsions for agglutination was injected into 
rabbits. Serum was derived from strain M.P. isolated from the female 
genitalia about two years previously, and kept stock horse-serum agar 
(pH with weekly subcultivations ever since.. Its colony thick trypagar 
plates was typical what have described type dense thick growth 
without papille its surface (because consists entirely papilla substance 
itself), round shape and not attaining the same size type The 
emulsion for the injection the rabbits was this case made horse-serum 
agar—the medium which had been cultivated for long. 

The agglutination test itself was done temperature water- 
bath, the partial immersion method being employed. The tubes were kept 
the water-bath for hours, then placed the laboratory bench and examined 
next morning. 


Culture Medium used for Growing the Emulsions. 


Serum I. Serum II. 


Strain. 


the accompanying tables the results agglutinating number strains 
gonococcus with the two type-sera are recorded, coupled with details the 
cultural character the colony the given strain thick trypagar plate. 
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The serum dilutions were made equal both the type-sera the original 
titres were roughly the same. This naturally arbitrary comparison 
set up, but there other course open, and appears justified the 
results the present case. strains giving maximum agglutination 
with type and none with type may compared with strains giving the 
converse—for instance strains 5319 and Hiley Table II. Their agglu- 
tination the same with serum and serum respectively, which 
seems prove that the titres these two sera are approximately 
identical for the two types gonococci which they represent. this 
established clear that the extent the agglutination each strain with 
the two sera direct criterion its type, that glance the agglu- 
tination titres entered the tables gives one true impression this. 

The results must also necessarily based the assumption that the sera 
did not decrease strength throughout the investigation. The preliminary 
drop titre, which practically all agglutinating sera are subject soon after 
the animal bled, was avoided allowing about month elapse before 
making the tests recorded here. After this initial fall sera usually decrease 
titre very slowly kept the cold room. The entire series tests was 
carried out within months, and there reason believe that the two 
sera dropped appreciably strength. 

examining the tables will observed that most the fresh strains 
are agglutinated more strongly type serum than type II. Sometimes 
the difference great, and consists well marked agglutination with serum 
and none all trace with serum II. The colonies these strains 
correspond remarkably well with the cultural type described above, much 
that most cases one could predicted from the other. This seems 
prove that the serological type depends the amounts present the 
culture the organisms forming the thin transparent part the colony 
thick trypagar and the dense part. When the colony exhibits the typical 
appearances the cultural type without any trace cultural type 
clear-cut agglutination with type serum usually obtained. -The strains 
and 17680 Tables and III respectively are good examples this. 
When there agglutination* with either serum appears indicate that 
the strain early type shown the fact that after subculture 
for few times from long they occur the slope, agglutination 
with type begins appear (see strains F4762 and Table II). 
Such strains may probably regarded examples the extreme type 
representing slightly earlier type than that the strain used for the 
preparation serum used this investigation. The colonies these 
strains all showed the characters typical cultural type This throws 
interesting sidelight not uncommon experience routine bacteriology. 
Many workers have observed that freshly isolated strain may 
tinable first, but becomes agglutinable after few subcultures stock 

slightly stronger type serum used have sometimes found that small degree 
agglutination occurs with it, but are here near the limit, for with lower dilutions than about 
precipitin reactions begin take place and the agglutination. 

will explained later section, papilla does not necessarily mean that the organisms 


belong type II, but that they have probably progressed that direction farther than the 
organisms composing the other part the colony. 
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medium. not uncommon experience that freshly isolated strains 
are agglutinated only the serum the patient, and little all the 
high titre serum for the species. This would seem imply that the agglu- 
tinating serum used was not made from immediately after isolation from 
the body, but only after having been cultivated artificial media for some 
time, where its type had begun change. have myself encountered this 
phenomenon the case meningococcus, type serum being made 
from strain originally typed Gordon, which had necessarily been cultivated 
for some time artificial media. 

When strain well agglutinated both the type-sera—what 
commonly termed colony rule exhibits growth 
characteristic both cultural types. Strains F4650, F5290, and 
Table illustrate this. seems happen such cases that the 
mixed types first grow side side, but the appearance the colony 
dominated the densely growing type II. But time comes when the 
power type grow lateral direction exhausted* and out- 
distanced type The result that the colony has dense smooth centre 
and thin transparent periphery which papille develop. 

Coming now the old strains which had been stock over two years and 
which form the basis type II, will observed (see the end Table 
that they all agglutinate well with serum made from one them (M.P.), 
and only slightly not all with serum the dilutions used. They all 
agree presenting the same cultural appearances when colony grown 
thick trypagar plate. They seem practically have arrived the end-point 
the evolution the gonococcus artificial media unfavourable composi- 
tion (alkali excess the optimum). few strains which must regarded 
definitely type II, any rate predominantly this type, were isolated 
straight from the body, namely, F5822 and E103 Table II, and 
D657, C815, 17324 and 17706 Table III. The best example both sero- 
logically and culturally type among these strains D657, which was 
isolated from the cervix uteri. Perhaps the next farthest advanced 17706, 
also cervical strain. The only female urethral strain this type 17324. 
Although not much reliance can placed such small numbers, one would 
expect that there might tendency for the gonococcus change its type 
when growing place which probably less favourable than its normal 
habitat—the urethra. There were only two male urethral strains (F4120 and 
which type predominated both serologically and culturally, and 
neither them appeared far advanced that direction the two 
best examples from the cervix uteri. The other strain described type 
was from the knee-joint—again not its natural habitat. The strains 17833 
(urethra and vagina) were from child years. The agglutination and 
two strains should well advanced towards type II. Louise Pearce (1915) 
found two principal types gonococci ordinary agglutination and comple- 
ment-fixation tests, one adults and the other vulvo-vaginitis children. 
This would suggest analogy with types and respectively. 


will remembered that the colony type always smaller diameter than the 
colony type 
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Vollmond (1923) also found that all the strains (13) from vulvo-vaginitis 
children which tested came under one his three types. 

several instances strains from the urethra and cervix the same patient 
were tested. only one case was there decided distinction type, namely, 
17684, where the strain from the cervix had undoubtedly advanced good 
way towards type II, while the urethral strain was definite type 

four the male urethral strains the cultural type placed brackets. 
these cases the colony thick trypagar plate had failed for some reason 
other, but the appearance the surface growth horse-serum agar 
slope (pH described. this medium type usually shows crop 
about days, which have grown from the uniform substratum 
growth appearing overnight. They give the impression that the culture 
contaminated. Cultures type strains not produce papille. 


THERE EVIDENCE CHANGE TYPE? 


Having found that type was apparently descended from type the 
gradual transformation the culture into one massed the next step 
was try obtain evidence the serological change actual progress. 
testing the agglutination the first subculture from papilla colony 
growing thick trypagar plate detectable change type was found. 
Thus the occurrence papilla colony the outset does not mean that 
the organisms have already acquired the characteristics type II. 
from this first crop subcultures are taken and further colony 
grown trypagar, found not have altered very much appearance, 
and papille will probably produced also. papilla, therefore, 
structure relative the substratum the colony, rather than absolute one 
representing definite type itself. But the process subculturing from 
papilla and growing colony continued consecutively change appear- 
ance soon becomes obvious, the whole groundwork the colony losing its 
transparency and often exhibiting patches massed degrees the 
tendency produce gets less the colony gradually becoming all 
papilla. The change cultural type, therefore, slow one. possible 
that may more rapid still more alkaline medium. 


TaBLE V.—Signs Change Type. 


Serum I. Serum II. 


Strain. 
weekly from papilla) 
agar (pH 
weekly from papilla) 
weekly from papilla) 


weekly from papilla) 
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Table shows four different strains tested again after interval during 
which they had been cultivated horse-serum agar, subcultures being made 
from papille long they were available. The general tendency has been 
lose the agglutinability with type serum, but far definite increased 
agglutinability with type serum has been acquired. The time which has 
elapsed, however, has been short, and must remembered that the strain 
with which type serum was prepared was cultivated horse-serum agar 
for over two years. possible that sera made with intermediate types 
had been available the four strains referred would have acquired agglutin- 
ability with some them now. There may many distinct grades 
between the two extreme type-sera. 

culture the strain F4600 was kept ascitic agar (pH from the 
time its isolation from the urethra until the emulsion for agglutination was 
made horse-serum agar, and instructive note that had preserved 
its agglutinability with type serum time when the horse-serum agar 
(pH stock culture had lost its agglutinability. 


DISCUSSION. 


The investigation gonococcus types comparatively recent date, 
although one two early attempts were made groupthem. Torrey (1907) 
seems have been the first type these bacteria. divided them into 
types the basis absorption agglutinin tests. Watabiki (1910), 
simple complement-fixation, divided strains into groups, and came the 
conclusion that differences among gonococci were only comparative and not 
distinctive. (1920) found that out strains could divided 
into different types means simple agglutination and complement- 
fixation. Hermanies (1921) recognizes many types absorption 
agglutinin. Cook and Stafford (1921) tested strains gonococci 
absorption agglutinin and could not define any groups. Warren (1921) 
found that the agglutination test did not serve differentiate strains 
gonococci into serological groups. Torrey and Buckell (1922) analyzed 
strains agglutinin absorption methods. The strains were isolated from 
acute and chronic and its complications, and came from widely 
separated geographical localities. came the conclusion that the strains 
could not distributed among number clear-cut serological types. 
Vollmond (1923), extensive investigation about 200 strains, set 
distinct types the basis the absorption test. 

Such singular want agreement this regarding the division into 
serological types makes probable that largely question personal 
interpretation, and that the concept several clearly defined types artificial. 
This confusion seems the outcome the idea that types are rigidly 
fixed. one can doubt that they have evolved from some common stock, 
but that they can change one into another the course comparatively 
short space time has been difficult believe. the present work 
seems indicate, there drift one direction under certain adverse 
conditions—a continuous change from type type the 
obscurity enveloping the subject will cleared up, and rational explanation 
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the occurrence and significance types will forthcoming. Torrey and 
Buckell (1922) tested several strains absorption agglutinin, before and 
after they had been cultivated artificial media for years, and they 
all seemed have progressed towards common type. They say, 
believe that the whole tendency under conditions artificial culture for 
reversion our regular group, and that strain having attained that 
disposition its antigenic components remains comparatively stable 
conception that type represents pathologically the most 
vigorous and probably the most virulent form the gonococcus such 
occurs cases acute urethritis. certain increase the alkalinity 
the substrate which the organism growing enough start continuous 
process selection, which manifested the formation the 
organisms composing which outlive those the other part the colony. 
The process slow one under the conditions the experiment, but 
ultimately leads the transmutation into type II, which distinct sero- 
logically from type far simple agglutination goes, and has definite 
cultural characteristics when colony allowed grow large size, due 
its really being made coalesced mass dense papille. Strains repre- 
senting intermediate types are blends these two basic types. tendency 
towards change into Type can sometimes detected strains isolated 
directly from the body, and seems specially liable occur strains 
obtained from sites other than the urethra, but rare meet with pure. 
type represented the few strains which have been cultivated 
alkaline horse-serum agar medium (pH for over two years. Whether 
other deleterious factors contribute towards the production type from 
type even give rise totally distinct type II, cannot decided from 
the present investigation. 


CONCLUSIONS. 


Like meningococci, gonococci can divided into two groups, the 
appearance the colony grown thick plates, which correspond 
with two main serological groups. 

The colony type large, irregular outline, thin and transparent, 
with papille forming its surface; the colony type smaller and 
rounder, its substance thicker and very dense, and there are usually 

Viability tests show that the organisms the type live 
considerably longer than those the thin substrate. 

alkaline media (pH about which give rise papille, 
selection is, therefore, continually progress, and this way type 
gradually changes culturally into type 

Slight evidence serological changes type has been obtained, but 
the process appears slow one, and sufficient time has not yet elapsed 
trace complete change from type into type II. 

Most strains isolated from cases acute urethritis are more less pure 
examples type which probably the most virulent form. Strains which 
are predominantly type are generally isolated from some site other than the 
normal habitat the gonococcus, such the cervix uteri, knee-joint, etc. 
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The work here detailed lends support the view that gonococcal 
strains can divided into arbitrary number fixed serological groups. 
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EXPLANATION PLATE. 


1.—Cultural type the irregular shape the colony, the opaque papille and the 
transparent intervening part. (Grown thick trypagar plate month. Transmitted light. 


About 4.) 
2.—Cultural type papille present, but not quite dense Fig.1. The 


edge appears coalesced The spindle-shaped bodies the centre are 


(Grown thick trypagar month. Transmitted light. About 4.) 

type the circular shape and the thick opaque substance the 
colony. are present. The corrugated appearance the outer border does not consist 
but slight roughness the surface greatly exaggerated the optical conditions. 
(Grown thick trypagar month. Reflected light. About 4.) 

Fia. type quite far advanced Fig. Although dense colony, 
shows the presence few The bright edge optical effect. (Grown thick 
trypagar fora month. Reflected light. About 4.) 
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and Nauss (1911), while investigating the pathology blackwater 
fever, described the effects injecting rabbits with solutions hemoglobin. 
They showed that was possible produce some cases intra-renal 
obstruction, owing the fact that the pigment, its passage through the 
kidney, became precipitated the tubules, and produced obstruction. 

also stated the literature that similar type intra-renal obstruc- 
tion may occur patients who have been transfused with blood 
antagonistic group. now realized that the serious symptoms resulting 
from the transfusion persons with blood incompatible group are 
caused hemolysis the donor’s corpuscles the recipient’s circulation. 
marked agglutination the donor’s red cells the recipient’s serum 
always present such cases: this, per se, does not produce any definite ill- 
effects, but the precursor rapid and complete hemolysis all the red 
cells the transfused blood. This intravascular hemolysis accompanied 
well-known train clinical symptoms: (a) feeling distress with lumbar 
pain, rise temperature lasting perhaps for twelve hours, and (c) 

known that renal damage may result from such transfusion 
incompatible blood, but have been unable find any account detailed 
examination such case, any precise statement the pathology the 
renal lesion. 

Our investigations concern intra-renal obstruction observed two 
occasions during the last few years patients who have succumbed from 
renal insufficiency following blood transfusion. They deal with: 
record the above two cases, and (B) experimental investigation into the 
mechanism production renal lesions during the excretion 


CASES. 
Case 


Clinical aged years. Operation for gastric ulcer 
necessitating blood transfusion (1°5 pints). Post-operative rise temperature 
falling gradually 99° about hours. had hemoglobinuria, 
and became jaundiced. urine later showed the presence large 
amounts methemoglobin. Patient became comatose, and three days after 
operation was very ill, passed urine, and the temperature rose 106°. 
She died the morning the fourth day. There had been some question 
the interpretation the grouping tests performed prior transfusion, 

report the Medical Research Council. 


‘ 


but the above symptoms leave doubt that there was marked hemolysis 
the transfused corpuscles. The urine had been examined before operation and 
abnormality had been detected. 

Post-mortem findings.—There was marked general anemia all the organs, 
otherwise nothing significance apart from the urinary tract was found. 

Kidneys.—Somewhat enlarged each). Pale coffee-coloured, with 
deeper brown striations the lines the medullary rays. Moderate general 
cortical swelling. signs fibrosis, hemorrhage lesions other than the 
above. Pelvis and ureters showed abnormality. The bladder contained 
about c.c. dark semi-solid material, resembling coffee-grounds 
appearance. 

Microscopic appearances the kidneys.—The most striking feature was 
marked dilatation convoluted tubules and Bowman’s capsules. There 
was uniform distension all the convoluted tubules and glomerular capsules 
throughout the section. There was sign any infiltration inflammatory 
cells and trace any increase the intertubular connective tissue. The 
distension the glomerular capsules produced clear space, containing only 
little faintly staining reticular material, between the tuft and the capsular 
endothelium. The capsular neck showed marked distension; there was 
uniform, well-marked flattening the epithelium the universally distended 
convoluted tubules. This dilatation was seen due general obstruc- 
tion the tubular system material the form small 
masses and granules varying size. This material formed loosely arranged 
collections many the convoluted tubules, but further down the tubules 
lying the medulla more compact plugs completely blocked the lumina. 
The granules this substance varied diameter from spherical 
masses considerably larger than red blood-corpuscles. Many the masses 
with diameter about could distinguished from red blood-corpuscles 
only very careful observation, but the whole they stained somewhat 
darker red and often showed distinct brownish tint. The more compact 
masses the material gave deep brownish-red colour with eosin staining. 
unstained sections the intra-tubular débris showed varying tints brown, the 
finer granules being lighter brown, while the compact masses were deep 
mahogany colour (see Plate). 

The blood was examined hours before death, and showed marked 
nitrogen retention. The following figures were 


Cerebrospinal fluid. 
214 mg. per 100 c.c. 
Non-protein 113 
The cerebrospinal fluid was collected shortly after death. 


Case 


Clinical aged years. Admitted with jaundice and 
history cholelithiasis dating back for twelve years. With view improving 
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the general condition, blood-transfusion 600 blood was performed 
prior any operative procedures. grouping the patient appeared belong 
group whilst the person selected donor was also classified 
belonging the same group, but direct test performed later showed marked 
agglutination the donor’s corpuscles the patient’s serum. After the 
transfusion the patient became collapsed and cyanosed and complained 
lumbar pain. The temperature rose from 104° hours, 
falling hours. Seventeen hours after the transfusion oz. 
hemoglobin containing urine was removed catheterization, and later 
another ounce brownish urine was drawn off. The patient became more 
jaundiced. The urine prior the transfusion contained bile, but was stated 
free from other abnormal constituents; the quantities passed per diem 
varied between and oz. partial suppression urine followed 
immediately upon the transfusion, and for the following days the amount 
passed hours averaged about The urine during this period first 
contained much hemoglobin, and was dark red colour. The second 
specimen was reddish-brown tint, and contained thick brown deposit. 
Microscopically this was found consist finely granular pigment, much 
which was the form long casts the renal tubules. Later samples 
contained less brown material, and the urine became lighter red. sample 
collected the fifth day following the transfusion showed spectroscopic 
evidence hemoglobin, and was clear; contained albumen, however, 
considerable quantity. the third day after the transfusion the patient 
became increasingly drowsy, and the urine still contained albumen. the 
thirteenth day oz. urine were drawn off, and analysis per cent. 
urea (5°6 gm. total) and large quantities albumen were found. Coma 
increased, and the patient died days and hours after the transfusion. 

Chemical examination the first analysis was made the 
day after the transfusion, and was examined again four subsequent 
occasions. There was marked nitrogen retention the first specimen 
examined, and can seen from Fig. that this gradually increased until 
the astounding figure 803 mg. per 100 c.c. per cent.) was reached. 
sample blood removed hours after death revealed urea content 
920 mg. per 100 c.c. (represented the figure +). 

The following table shows the result, mgm. per 100 c.c., complete 
analyses specimens this patient’s blood and cerebrospinal Fig. 


only the urea content recorded. 
Days the month. 


Non-protein nitrogen 
Chlorides 


Post-mortem appearance.—The examination showed large biliary calculus 
in.the upper part the common duct. The gall-bladder was absent, having 
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been removed twelve years previously. There was nodular cirrhosis the 
liver, which showed microscopically extensive periportal fibrosis. The lungs 
showed evidence bronchitis. The kidneys were normal size and 
consistence but the colour was browner than normal. The capsules were not 
adherent, and the surface was smooth. Although not swollen the cortical 
pattern was indistinct, and few small cysts were scattered here and there 
the pyramids. Bright red lines resembling congested vessels were seen 
the medullary rays. 


MILLIGRAMS UREA 
PER 100 

960 
900 
840 
780 
720 
660 
600 
540 
480 
420 
360 
300 
240 
120 


TRANSFUSION. DAY THE MONTH. 


Microscopic appearance the kidney presented very 
complex picture. The convoluted tubules and the glomerular capsules did not 
show general dilation the last case. There were, however, very 
numerous dilated tubules the boundary zone the medulla; these contained 
much strongly eosin-staining granular débris; the section the last 
case, the granules were various sizes, and mixed with them might found 
either polymorphonuclear leucocytes mononuclear phagocytic cells engaged 
the removal débris. The other features may summarized follows: 
marked degeneration the tubular epithelium general congestion the 
glomerular and other capillaries, especially noticeable the straight vessels 
the medulla; universal development fine inter-tubular connective tissue 
(see Plate). 

Discussion Cases. 


Case 1.—From the clinical history, the chemical examinations the blood 
and cerebrospinal fluid and the microscopical appearance the kidneys 
there can doubt that the sequence events was follows: Firstly, 
the transfusion incompatible blood, with hemolysis the transfused 
corpuscles. The hemoglobin thus set free into the plasma was excreted 
the kidneys into the urine, and this turn was followed precipitation 
the blood-pigment the tubules. This occlusion the lumen the tubules 
led serious impairment the excretory powers the kidneys, resulting 
the death the patient. 
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The renal lesions appeared identical with those known occur 
blackwater fever. Professor Yorke kindly supplied with section portion 
the kidney fatal case blackwater fever, and were able observe 
the similarity the lesions. 

Case 2.—Here the same sequence events apparent, but the histological 
picture the kidney more complex. There can little doubt that the 
blockage the tubules played important part the failure renal 
function. seems improbable, however, that the interstitial changes the 
kidneys took place during the seventeen days following the transfusion. The 
probabilities seem favour pre-existing nephritis, with superadded 
obstruction the renal tubules caused precipitation some derivative 

ANIMAL EXPERIMENTS. 

the work Yorke and his co-workers already referred to, experiments 
were described which the effect injecting hemoglobin solutions into 
rabbits was observed. This observer succeeded producing renal obstruction 
several animals, but found that was necessary keep the animals 
dry diet prior the injection. this precaution was not adopted the 
injection hemoglobin solution produced little effect. Rabbits fed 
ordinary diet green vegetables excreted the hemoglobin rapidly into the 
urine. If, however, the animal was kept dry diet, intra-renal obstruction 
the type already referred was frequently produced. Yorke explained this 
being due the fact that the urine was more concentrated, and that the 
was precipitated the tubules, and thus produced the obstruction. 

Yorke, common with other workers (Bayliss, 1920), also recorded the 
observation that rabbits injected with solutions with lysed 
blood were liable die suddenly either during shortly after the injection 
This sudden death liable occur when animals are injected with 
partially corpuscles their own another animal’s blood. 
During his experiments was unable obviate these deaths with any 
certainty. 

There are apparently blood groups the rabbit. examined the 
blood twelve rabbits cross-agglutination experiment, and found 
evidence hemagglutination. was decided, therefore, try the effects 
injecting solutions rabbit’s hemoglobin. Solutions were prepared laking 
washed rabbit’s corpuscles repeated freezing and thawing. injecting 
such solution the phenomenon rapid death was encountered. must 
pointed out once that this effect has bearing upon the main subject 
this investigation, namely, the production intra-renal obstruction. was, 
however, obvious that its mechanism had inquired into, and that some 
means avoiding this troublesome complication had evolved. will 
sufficient here state the methods adopted avoid it. was found that 
the solutions for injection were efficiently filtered sudden death was avoided. 
The following method for the preparation the hemoglobin solutions was 
found the most satisfactory and finally was adopted 

Preparation hemoglobin solutions.—Oxalated rabbit’s blood centri- 
fuged and the corpuscles are washed with tap-water saline several times. 
(The calcium content the tap-water sufficient precipitate the added 
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oxalate.) The deposited red cells are shaking with asbestos fibre 
(that used for Gooch crucibles suitable). The solution then poured out 
double layer linen gauze funnel. The gauze well squeezed 
and the filtrate again shaken with asbestos, and the whole process 
repeated. The fluid is, however, allowed drain through without squeezing 
the gauze. The filtrate then centrifuged high speed for some time and 
the clear supernatant fluid pipetted off. The fluid sucked repeatedly 
through plug tightly packed cotton-wool attached the nozzle 
syringe. The final strong solution should perfectly clear, and should show 
turbidity when few drops are added little normal saline. The strong 
solution thus obtained may injected into animals 
quantities c.c. repeated intervals without fear causing sudden 


death. 


Effect Injections Hemoglobin Rabbits. 

When had obtained hemoglobin solutions which could injected into 
rabbits without ill-effects, were able study the more remote effect the 
kidney. 

MILLIGRAMS OF UREA 
100 


PER 
300 


=HAEMOGLOBIN INJECTED). 


/0 
BLOOD UREA INJECTIONS HAEMOGLOBIN INTO RABBIT. 


The effect the renal function was controlled examination the 
animal’s blood-urea. Fig. shows rising blood-urea produced several 
injections each) strong hemoglobin solution. The animal was 
not given green food the days preceding injections. the end the 
experiment the animal was very weak state with blood-urea 297 
mgm. per 100 c.c., and was necessary kill it. 

brownish colour and streaked with dark brown the lines the medullary 
rays. Sections showed marked dilatation the majority the collecting 
tubules, which contained brownish granular débris similar that seen 
the human kidneys described above. There was general dilatation the 
glomerular capsules and convoluted tubules seen the kidney Case 

the urine.—It was noticed that, the human cases 
hemoglobinuria, the rabbits under experiment sometimes passed dark brown 
cloudy urine and other times clear red urine. Special attention was then 
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directed the urine, and the animals were kept cages designed drain off 
the samples for examination. The samples brown urine show brown 
granular precipitate containing very numerous casts the renal tubules. 
These casts appear reddish-brown reflected light and are formed fine 
granules similar those seen plugging the tubules the section described 
above. casts are variable size, some fine, others thicker occasionally 
branched cast may seen, apparently corresponding main collecting- 
tube with subsidiary tubule entering (see Plate). 

was observed that the brown urine showing granular precipitate was 
always strongly acid, while the red urine was neutral alkaline. 

The following account shows characteristic result: strong 
hemoglobin solution was injected intravenously into rabbit two hours later 
the animal passed about c.c. very dark brown urine, rendered almost 
semi-solid copious brown precipitate. This precipitate contained much 
brown granular material and numerous casts described above. was 
strongly acid (pH about 5). When the precipitate was deposited there was 
light brown, clear, supernatant fluid which did not show bands hemoglobin 
when examined with the spectroscope. The next sample passed about three 
hours after the injection measured about c.c., and was red colour with 
brownish tint due slight precipitate suspension; reaction neutral 
(about spectroscopically strong bands oxyhemoglobin. The third 
sample, passed during the night, measured c.c., dark red colour, 
appreciable deposit, strongly alkaline (pH about 9); spectroscopically oxy- 
hemoglobin bands were very strong. 


consideration the above experiment and others similar nature 
led the belief that the conversion the oxyhemoglobin into granular 
precipitate was not dependent the concentration the hemoglobin, but 
was some way connected with the acidity the urine. 


Influence Acidity the Urine Renal Obstruction. 


Yorke and Nauss noted the paper quoted above, impossible 
produce renal obstruction injecting hemoglobin into rabbits unless the 
animals are kept short green food. They assumed that the lack fluids 
resulting from this restricted diet was the determining factor causing the 
renal obstruction. The correlation between acidity the urine and deposit 
brown granular casts, which obviously tend obstruct the kidney tubules, 
led consider the influence diet the reaction the rabbit’s urine. 
well known that rabbits, like other herbivora, normally pass strongly 
alkaline urine, but perhaps less well known that the urine these 
animals can easily become strongly acid the absence green food. 
found that keeping rabbits diet oats and bread, while allowing 
unlimited water drink, the urine can kept permanently acid. 

rabbits were one (A) was fed for several days 
the above diet and its urine became acid; the other animal (B) was fed 
ordinary diet containing plenty green food and passed strongly alkaline 
urine. They were each injected with about strong hemoglobin 
Rabbit (A) passed the hemoglobin out brown precipitate 
suspended acid urine containing numerous brown granular casts and its 
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blood-urea rose mgm. per Rabbit passed red alkaline 
urine containing abundant and brown precipitate casts, 
and its blood-urea remained normal—35 mgm. per 100 c.c. 

From experiments vitro, detailed below, became clear that not 
only increased acidity but increased salt concentration was concerned the 
precipitation hemoglobin, and doubt both these factors operated the 
above experiment, since the urine passed Rabbit was not only more 
acid but was more concentrated than that (B). Nevertheless, high salt 
concentration without the required degree acidity produces precipitation 


the hemoglobin. 
Recovery after Obstruction the Renal Tubules. 
Even when the urine made acid not easy matter permanently 
obstruct the kidney rabbit injections hemoglobin. Such animal 
may recover after several c.c. injections strong hemoglobin solution. 


INJECTED). 


GREEN 


GREEN FOOD 


44 


42 


10 


DAYS 


INJECTIONS HAEMOGLOBIN RABBIT. 


6 


BLOOD UREA 


There doubt that such injections lead temporary blockage the 
renal tubules. can shown, however, that the kidney capable 
recovering its function after such obstruction. The chart (Fig. illustrates 
experiment showing quite clearly the recovery renal function. return 
diet containing green food appears favour this recovery. 
experiment illustrated the animal’s urine was kept acid the time injection, 
but was allowed green food when the blood-nitrogen had risen about 
200 mgm. per When the blood-urea had fallen mgm. per 
100 c.c. further injection caused rapid rise 214 mgm. per 100 
Several factors doubt operate make the recovery rabbits easier 
matter than the case the human being. ordinary diet the alkaline 
urine the rabbit renders quite immune blockage. Human urine being 
usually acid such obstruction becomes possible. When obstruction has 
occurred rabbit with acid urine examination samples urine 
passed during the period recovery shows numerous darkly-coloured compact 
casts which form slight sediment otherwise perfectly clear yellow 
urine. These casts undoubtedly correspond the more compact masses 
débris which are seen sections blocking the straight tubules; their extrusion 
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doubt frees the kidney considerable extent. The rabbit’s kidney 
relatively simple compared the human, which should favour the extrusion 


such plugs. 
VITRO EXPERIMENTS. 


From the preceding account can seen that the renal damage 
produced through blocking the tubules precipitated derivatives 
hemoglobin, and that the urine passed animals injected with hemoglobin 
may vary colour from bright red brown. was also noticed that 
whereas the red specimens were usually clear, the brown urines frequently 
showed dark brown precipitate standing. The following questions 
therefore arise, What accounts for the precipitation the pigment, and why 
does the colour the urine vary? With regard the latter question, was 
noticed early the investigation that the colour the urine was intimately 
associated with its reaction. All the brown urines were found acid, 
while the red ones were either alkaline neutral litmus. spectroscopic 
examination proved that the pigment the brown, acid urines was mainly 
methemglobin, but the red specimens bands pre- 
dominated. That acid alone capable converting into 
methemoglobin has long been known (Gamgee), but was thought advisable 
work out carefully the relations between the reaction the urine and the 
type pigment obtained. series experiments was therefore performed 
which the action urines and phosphate solutions varying reactions 
upon hemoglobin was the subject investigation. 


Relation between the Hydrogen Ion Concentration the Medium and the 
Nature the Pigment formed. 


order that complete control possible over the conditions could 
maintained, was decided work phosphate solutions known pH. 
molar solution Na,HPO,, H,O gm. per litre) was diluted with 
distilled water the proportions volumes phosphate volumes 
distilled water. The such solution was found series 
solutions differing was prepared adding N/NaOH varying 
quantities the original molar phosphate solution, diluted above. The 
hydrogen ion concentrations were all estimated means the hydrogen 
electrode. solutions were prepared from human, rabbit and 
sheep blood according the method described under the animal injection 
experiments. The strength the three solutions was adjusted that the 
depth colour each was about the same. series tubes was set up, 
each containing c.c. the phosphate solutions differing reaction, and 
the hemoglobin solutions was added each. The following 
scheme shows the arrangement tubes for human hemoglobin, together with 
the findings after one hour’s incubation 37° 

and hemoglobin were identified means the spectro- 
scope. All the tubes remained perfectly clear, and there was sign any 
and 5°81 the oxyhemoglobin changed methemoglobin, and the colour 
the solution alters from red brown. can also seen that the intensity 
the methemoglobin bands reaches maximum 5°42, and that 
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gradually diminishes the other tubes the acidity increases. the 
tubes incubated for period hours longer, the band almost dis- 
appears. This can explained being due the conversion the 
methemoglobin into another substance probably acid hematin. 


TABLE 


brown; red; plus signs proportions intensity positive result. 


Whilst the above experiment explains the difference colour hemo- 
globinuric urines differing hydrogen ion concentration, the factors leading 
the production precipitate need still elucidated. There must 
some other factor, apart from the question reaction, which operates urine 
and which absent from the phosphate solution. Since boiling made 
difference the precipitating action the urine, became obvious that 
enzyme was concerned the process. means series trial and error 
experiments, consisting adding various urinary constituents the phosphate 
mixture, was possible prove that inorganic salts were responsible for the 
production precipitate. The truth this statement borne out 
the following experiment: Molar solutions calcium, magnesium, sodium, 
potassium and ammonium chlorides were prepared, and also solution 
hemoglobin buffer phosphate solution such ensure the 
conversion the pigment into methemoglobin. c.c. the buffered 
hemoglobin solution were pipetted into series test-tubes and varying 
quantities the salt solutions were added. After hour’s incubation 
37° the tubes were examined and the presence absence precipitate 
was noted. Owing the varying quantities salt the tubes, was 
possible work out the percentages each necessary produce precipitate. 
the following table two percentages are given for each salt, the lower one 
which precipitate appeared, and the higher one which precipitation 
was just evident. 


Turbid. 

2°13 Turbid. 

Turbid. 

Precipitate. 


3°24 Turbid. 
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From these results can seen that the second factor the precipitation 
the presence certain percentage inorganic salts. Since the con- 
centration calcium, magnesium, ammonium and potassium the urine 
much lower than that required produce precipitation, justifiable 
assume that sodium chloride must play the most important part, whilst the 
other salts mentioned can act only additive manner. There are 
therefore two factors necessary for the precipitation hemoglobin from 
urine: firstly acid reaction, converting the pigment into methemoglobin, 
and possibly turn acid hematin; secondly, the presence certain 
percentage inorganic salts. Since there about per cent. NaCl the 
urine, and has been shown the last experiment that this concentration 
suffices for precipitation, reasonable assume that this particular salt 
reponsible far the urine concerned. another experiment was 
shown that the acid radicle was immaterial, sodium sulphate working well 
the chloride, provided that the percentage sodium was the same each 
test. 

the experiments just detailed the influence varying salt concentra- 
tion the presence constant hydrogen ion concentration has been 
investigated. now remains observe the effects varying the the 
presence constant salt concentration. series test-tubes, similar 
that set forth Table was set up. per cent. solution NaCl was 
added each tube sufficient quantities bring the total NaCl concentra- 
tion per cent., that is, well above the minimum required for precipitation. 
After hour’s incubation was found that the production 
methemoglobin was exactly Table and that addition there was 
marked precipitate the first two tubes. was concluded, therefore, that 
the addition NaCl did not affect the conversion hemoglobin into 
methemoglobin the acid present. That the effect the acid bore 
relation the quantity NaCl present was further demonstrated the fact 
that increase another per cent. the salt content made difference 
the production methemoglobin. would appear therefore that there 
are two entirely independent factors required for the production 
convert the hemoglobin and possibly acid hematin; 
the second place there must minimum concentration about per cent. 
NaCl. These two factors act together, since was found that precipitation 
occurred when salt was added solution methemoglobin 

The final proof this theory the precipitation afforded the 
following experiment, which shown that urines and phosphate solutions 
like and sodium chloride content behave the same quantitative 
manner their action upon hemoglobin solutions. 

Three urines were selected, and their was adjusted 4°0 the addi- 
tion the requisite quantity HCl. The chlorine content each was 
estimated the ordinary Volhard process, and the results were expressed 
terms NaCl per cent. phosphate solution was also prepared, 
and NaCl was added bring the percentage this salt 2°0. 

series tubes were set up, three for each the above four solutions, 
the following manner 


> 
a 


Phosphate solution 2°0 


Solution Dilution with NaCl percentage Result after 
tested. phosphate, final solution. incubation 37°C. 


This experiment shows that the behaviour urine precipitant varies 
directly with its sodium chloride content, provided that the reaction 
ciently acid. would appear that about per cent. NaCl the minimum 
bring about the phenomenon. 

the present mention has been made the nature the 
precipitate. Whether produced artificially means phosphate solutions, 
urine, the precipitate pigment has precisely the same appearance. 
was found soluble normal caustic soda solution, and reduction, 
give the bands hemochromogen. The precipitate could also dissolved 
acid alcohol with difficulty, when the spectrum acid hematin was obtained. 
would appear, therefore, that the precipitate found 
urines and the phosphate-saline solutions contained hematin. The details 
the mechanism the precipitation are being investigated further, and will form 
the subject future publication. 


DISCUSSION. 


now necessary bring together the information obtained the 
various experiments detailed the preceding pages. has been shown that 
hemoglobin introduced into the circulation excreted the kidneys, where 
one two events may occur: (a) the reaction the urine above about 
the hemoglobin will all excreted the form oxyhemoglobin, the 
urine will red, and ill-effects will result: the reaction the urine 
below about and there sufficient concentration sodium chloride 
(about per cent.), brown pigment will precipitated the tubules. 

reasonable suppose that the hemoglobin passes through Bowman’s 
capsules the dilute transudate, the reaction which the region that 
the blood. When the tubules are reached, reabsorption and concentration 
take place, together with increase the acidity the urine. The 
globin then precipitated—probably hematin—with the result that the 
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tubules become occluded and the renal function impaired. this theory 
accepted, then the following questions arise 

(1) Why complete intrarenal obstruction not often produced cases 
paroxysmal hemoglobinuria, since this condition may have all the 
factors necessary for precipitation 

(2) Why rabbits which intrarenal obstruction has been produced 
recover from the condition 

From our experiments obvious that the animal able get rid the 
plugs the tubules, and reasonable suppose that paroxysmal 
globinuria and blackwater fever the amount hemoglobin set free during any 
one attack rule small compared with that liberated patient trans- 
fused with incompatible blood. That pigment-casts similar those seen 
the urine our cases occur blackwater fever well known, whilst 
were able recognize them the urine case paroxysmal hemo- 
globinuria kindly sent Dr. Worster-Drought. The kidney can therefore 
clear itself certain amount débris, and the gravity the renal lesion 
must depend part upon the degree 

These experiments also indicate lines treatment all 
globinuric conditions, whether they due transfusions, paroxysmal 
hemoglobinuria, blackwater fever. Since the factors leading pre- 
cipitation the pigment are acidity and salt concentration the urine, any 
type therapy tending reduce these should prove value. The use 
alkaline diuretics transfusions sodium bicarbonate soon 
should tend minimize the precipitation the tubules. 


SUMMARY. 


Two cases intra-renal obstruction caused through blood transfusion 
are described and compared with the intra-renal obstruction blackwater fever. 

method for the preparation strong hemoglobin solutions suitable 
for injecting into rabbits described. 

The urine passed rabbits after injection found 
either (a) red, alkaline reaction and showing the bands 
brown, acid reaction, with brownish deposit the form granular 
casts and amorphous 

Rabbits ordinary diet and passing alkaline urine are unaffected 
hemoglobin injections, but the urine kept acid means suitable 
diet intra-renal obstruction can produced. 

series vitro experiments prove that hemoglobin thrown out 
solution when the reaction the medium not more than about 
and the NaCl content about per cent. over. 

From these experiments would appear that hemoglobin excreted 
solution the glomerular transudate. After concentration the tubules the 
acidity and the salt concentration increase, with the result that the pigment 
precipitated, probably the form 

This theory would explain the production intra-renal obstruction 
cases the type described and blackwater fever. 

suggestion for the treatment these conditions, based the above 
conclusions, offered, namely, the production alkaline diuresis. 
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DESCRIPTION PLATE. 


the kidney Case showing dilated glomerular capsule with marked 
distension the neck; the surrounding convoluted tubules are much dilated, and some them 
contain eosin-staining granular precipitate derived from hemoglobin. 

2.—Section the kidney Case showing tubules filled with granular material similar 
seen Fig.1. upper part the figure small arteriole containing red blood- 

Fie. 3.—Section the kidney rabbit with renal insufficiency following injections 
hemoglobin; shows greatly dilated collecting tubules, some containing granular material 
similar that seen the previous sections. 

Fic. 4.—Granular casts from the urine rabbit injected with hemoglobin. The granular 
material corresponds with that seen the tubules Fig. 
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previous communications (1922, 1924) have dealt with the part 
played Bacillus acidophilus odontolyticus the causation dental caries, and 
the successful production artificial caries vitro with pure cultures this 
organism. This work has since then been confirmed Rodriguez (1922), 
Bunting and Palmerlee (1925) and others. Bunting and Palmerlee state that 
acidophilus present every initial lesion dental caries, and further, 
that definite caries lesions can produced from six eight days pure 
cultures. 

view the above easier dispose the criticisms Clarke 
(1924). his article stated that failed find acidophilus 
odontolyticus early caries lesions, but always found small pleomorphic 
microbe, which gave the name Streptococcus mutans. Further, stated 
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that with pure cultures this microbe was able produce definite 
artificial caries. Subsequent work ours failed demonstrate with any 
degree constancy the presence this microbe the initial lesion caries, 
while our hands the cultures kindly put our disposal Dr. Colebrook 
produced only faint degree acidity and typical caries lesions were not 
observed. 

According Clarke, while the lesions produced his organism are 
looked upon true caries, those described are due the effects 
moderate degrees acidity the teeth. our later papers 
show, however, that artificial caries can produced cultures 
acidophilus odontolyticus which have not been allowed attain any great 
degree acidity, placing the tooth into fresh cultures daily. Lastly 
Clarke’s statement that prefers acid medium not correct 
the contrary growth more prolific when the medium slightly alkaline 
fact known for some time (Heinemann and Hefferan, 1909), which our 
own work has repeatedly confirmed. 

The present communication deals chiefly with some possible defences 
against dental caries, such the reaction saliva, the acid resistance 
and bacteriotropic action saliva. 


THE REACTION SALIVA AND ITS RELATION CARIES. 


has been stated that the saliva persons immune caries more 
alkaline than that persons subject the condition, and can thus neutralize 
the acids formed the fermentation carbohydrates micro-organisms. 
this direction the observations Pickerill (1914) show that considerable 
variations the alkalinity the saliva can occur even the same individual 
under different circumstances. regards the neutralizing power saliva 
very important factor the preservation teeth from caries. 

The results our tests saliva are given tabulated form below, the 
actual reaction being expressed values. 

The method adopted was follows: Filter-papers were soaked 
alcoholic solution indicator and quickly dried. The indicators used were 
brom-cresol purple (pH brom-thymol blue (pH and phenol- 
red (pH The colour reactions given various standard phosphate 
solutions these papers were noted, and used standards for comparing the 
colour produced when loopful saliva was placed the filter-paper 
containing the indicator. All observations were carried out the same 
person. Four persons only with signs caries were tested, the reactions 
falling between and The results are tabulated below: 


Caries. sockets. 
Total of Reaction of saliva. Total of Reaction of saliva. Total of Reaction of saliva. 
to 59 + to 6°8 + to 5°9 + to 6°8 + 59 + to 68 + 


the above case with fell below 
Further observations were made infants and children with the following 
results 
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Infants. Children. 


days months. Free from caries. With caries. 


No. of Reaction. No. of Reaction. No. of Reaction. 
cases, canes. cases, 


the above cases free from caries the reaction case was below 
thus appears that adults the saliva cases caries tends 
rather more acid than cases children there little 
difference between those with and those free from caries. 

laboratory animals not suffer from caries, the saliva some these 
and also some cats and dogs was tested the same manner. The results 
were much more consistent than the case human beings and were 
follows 

Type animal. No. tested. Reaction. 

These figures show that the saliva cases where the diet completely 
vegetarian type considerably more alkaline than that human beings 
cats and dogs with mixed diet approximating that man have saliva 

that only slightly less acid than 
man’s many cases. 

addition the reaction saliva was 
estimated means the hydrogen 
electrode, but was soon found that this 
was not very practical method, both 
account the difficulty collecting 
sufficient quantity and preventing the 
escape carbon dioxide. 

the hydrogen electrode there was 
found considerable variation the 
reaction saliva, and even the same 
individual when collected different 
times. The reactions the salivas 
tested varied from 5°65 
figures which are agreement with 
those found direct colorimetric 
estimation. 

series observations were made 
determine the buffering power 
saliva after the removal the carbon 

oiling. was found this technique 
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neutralizing power than plasma. the actual test the procedure was 
dilute the saliva with equal bulk normal saline, then remove the 
carbon dioxide and add acid. most the tests 0°5 the diluted 
saliva was placed series five tubes, and these 0°05 0°2 
0°3 and 0°4 N/50 HCl similar series was carried out the 
plasma. The graph typical example given Fig. 

whole, the buffering power saliva did not show much variation 
this probably influenced the fact that employed would get rid 
much the ammonia, which according Dr. Dodds variable factor. 
hoped test this point early date. Saliva, however, has considerable 
power neutralizing acid, and this together with the washing effect should 
very powerful asset the protection the teeth against acid. 

Our observations whole tend show that there certain amount 
evidence for believing that saliva cases caries often more acid than 
caries-free cases. But what extent this due more acid saliva 
greater production the mouth present not possible say. 


THE RESISTANCE TEETH ACIDS. 


During our experiments the production artificial caries was found 
that the reaction required produce approximately equal degrees erosion 
the enamel varied within considerable limits. the literature there are 
recorded number observations the resistance teeth acids, 


CARIOUS 
CH/LD NON-CARIOUS 
« CARIOUS 


Amounts calcium dissolved from teeth. 
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particularly the enamel; the results many cases, however, are somewhat 
ambiguous, the case Head’s (1907) experience. the other hand, 
Mummery (1909) obtained decalcification with lactic acid per cent., and 
observed that various enamels showed marked differences 
Pickerill (1914) estimated the resistance observing the loss weight 
different teeth the same concentration acid; the loss weight was 
greatest the soft malacotic teeth. 

order test this teeth adult carious, adult non-carious, 
child’s carious, child’s non-carious) were covered with thick layer 
wax except for small area enamel the same size each case. 
Each tooth was placed flask containing 100 c.c. HCl 3°0, and the 
calcium content the fluid estimated intervals the method Laidlaw 
and Payne (1922), using two modifications—(a) large centrifuge tubes were 
used throughout, thus avoiding the transference fluid from the centrifuge 
tube test-tube, and caps aluminium foil were kept over the tubes 
especially during centrifugalization avoid dust being sucked into the tubes. 
The results were means consistent, probably due the technical 
difficulties the method and the fact that were only testing for one 
component the teeth—the calcium—while possibly the amounts calcium 
dealt with (05 mgm. and less) were too small give accurate results. 
graph appended the mean total amounts calcium each group 
estimated milligrammes fortnightly intervals (Fig. 2). 


THE BACTERIOTROPIC ACTION SALIVA. 


That saliva has certain anti-bacterial properties has been recognized for 
some time. For instance, known that saliva resists putrefaction for 
considerable periods. Again, Fleming and Allison (1922) showed that 
contained considerable quantity lysozyme capable dissolving certain 
bacteria. Miller (1903), who first investigated this subject, came the 
conclusion that the protective substances the blood did not pass the 
saliva any appreciable extent. 

Our first endeavour this direction was ascertain whether saliva 
contained any agglutinins against acidophilus odontolyticus, and later 
whether contained any bactericidal power against the organism. 

Agglutination.—The saliva ten patients under treatment was collected 
and tested for the presence agglutinins with the results shown table 
265. 

The saliva monkey being fed broth culture the organism 
attempt produce caries artificially vivo gave small degree agglutination 
1/160, and that one the authors 1/320. the last- 
mentioned was put against typhosus and paratyphosus and the 
subject having been inoculated with T.A.B. vaccine three times between 
September, 1914, and June, 1917. Some slight agglutination all three 
organisms was found 1/20. further control the saliva four 
persons who had never been inoculated against the typhoid group was tested 
against the same organisms, and three them some evidence agglutinins 
was found. thus seen that the saliva may contain agglutinins, but only 
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small quantities—probably insufficient form barrier defence against 
any specific organism. 


Dilutions saliva. 


— 


Negative all dilutions. 


Bactericidal action.—To test the bactericidal power saliva, material 
from six the cases tested for the presence agglutinins was further tested 
for any inhibitory action the growth acidophilus odontolyticus. 
twenty-four hours’ broth-culture the organism was diluted 1,000,000. 
Equal quantities this and saliva were mixed, and the diluted emulsion, 
saliva and mixed emulsion and saliva were incubated for one hour 37°C. 
Agar shake tubes were then inoculated with diluted emulsion, 
c.c. saliva and mixed saliva and emulsion respectively. 
After thorough shaking, long lengths capillary tubing were filled from the 
cultures facilitate the counting the colonies after incubation. all 
cases the sum the numbers colonies the first and second tubes was 
approximately equal the number the third tube. Thus appreciable 
bactericidal action was discovered the saliva against the organism. 


SUMMARY RESULTS. 


(1) Saliva appears intimately connected with the occurrence non- 
occurrence dental caries, being more acid those subject the condition 
than those who are immune. 

(2) Experiments devised show that teeth vary their powers 
resisting acid were inconclusive. 

(3) The saliva may contain agglutinins against acidophilus odontolyticus, 
but only small quantities. 

(4) Saliva has appreciable bactericidal action against acidophilus 
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THE chemical composition saliva has received very little attention 
recent years. certain amount work has been done its CO, content, 
reaction and inorganic composition, but the concentration its organic 
substances relation those the blood has for the most part been 
neglected. 

Benjamin Moore, writing Text-Book Physiology 1898, 
says: Saliva also said contain normally minute traces urea; but the 
amount small that such statement cannot made with certainty. 
pathological conditions the amount urea present may, however, become 
This perhaps the earliest suggestion that some idea the 
blood-urea could obtained from analyses saliva. 

More recently Schmitz (1922, 1923) reports series analyses carried 
out blood and saliva simultaneously. finds that the urea content the 
saliva averages out 89°4 per cent., and suggests that the estimation saliva 
can replace that the blood. Similar results were obtained Hench and 
Aldich (1922). 

was thought that these investigations would prove the greatest value, 
since there are many times when all but impossible obtain blood from 
patients. therefore decided perform series analyses normal 
people, estimating urea, non-protein nitrogen, creatin, uric acid, amino acid 
nitrogen and chlorides. series sixty salivas was found contain 
fact already pointed out many the earlier workers. 

the first place suitable series methods had found. After very 
careful trials was found that the methods Folin and were 


; 
Bk 
Nil 


CHEMICAL COMPOSITION SALIVA. 267 


One volume saliva was diluted with volumes water, and volume 
each per cent. sodium tungstate and 2/3 were added. After 
allowing stand the precipitated proteins were filtered off, and the reaction 
the filtrate was adjusted the addition solid sodium 
carbonate minute quantities per cent. NaOH. The correct reaction 
just gives purple colour with brom-cresol-purple. The ordinary methods 
Folin and can then applied. 

was soon discovered that the urea content saliva was very low, and 
that, unlike blood, there was large amount ammonia present. According 
the methods previous workers, this would undetected and calculated 
urea. Ammonia was estimated rendering c.c. the filtrate alkaline 
with NaOH and distilling off the ammonia into quantity standard acid. 
This gave the ammonia nitrogen. further c.c. filtrate urea was 
estimated the manner described Folin and Wu. This gave the sum 
the urea and ammonia nitrogen. The urea content was calculated from the 
difference these two values. 


TABLE 


Blood. Saliva. Saliva. Saliva. lood. Saliva, Blood. Blood. Saliva. Blood. Saliva. 


TABLE II. 
No. cases. 
Ammonia 
Urea 
Creatinin 
acid 
Amino 
Chlorides 


Table shows the results simultaneous analyses blood and 
Table the average figures for series analyses saliva are given, 
whilst Table III these analyses are contrasted with the normal figures given 
Folin for blood. Another column gives the figures for saliva expressed 
percentage the corresponding figures for blood. The maximum and 
minimum figures for each constituent are also included. 

the first place, can seen that all the figures are low compared with 
blood. The urea content only corresponds per cent. the blood-urea. 


Lowest, 
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possible that the higher figure arrived other workers might due 
their not recognizing the large quantity ammonia present. The variations 
are all wide that reliance can placed upon the figures for clinical 
purposes. The reason for these irregularities quite possibly accounted for 
the marked variations known occur the concentration saliva secreted 
different rates. 


Average for blood (Folin). 
Urea 
N.P.N. 
Creatinin 


Uric acid 
Amino 


The diastatic index Wohlgemuth was estimated series fifty 
specimens Dodds’ modification Wohlgemuth’s method. Three this, 
series derived from healthy students were found contain diastase. The 
other forty-seven gave average figure units dilution 15. 


SUMMARY. 


inquiry into the relations between the concentration certain 
nitrogenous bodies and chlorides blood and saliva described. 

slight modification Folin and Wu’s method suitable for salivary 
analyses considered. 

Attention called the high ammonia content saliva, together with 
method for its estimation apart from urea. 

The tables show that there constant relationship between the 
constituents blood and saliva examined, except that the former are much 
the lower. The variations and the composition saliva are great that 
clinical significance can placed upon the figures—at least for normal 
individuals. 
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